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Praface

Preface

Work Was Prompted by Pubiic Concern

The work described in this report was prompted by the
public’s concern about potential effects from radicactive
materials released from the Hanford Site. The Hanford
Environmental Dose Reconstruction (HEDR) Project was
established to estimate radiation doses the public might have
received from the Hanford Site since 1944, when facilities
began operating.

The HEDR Project, and the issuance of this Draft Summary
Report, are under the direction of an independent Techmical
Steering Panel (TSP) of scientists and members who represent
Washington and Oregon states, reglonal Native American tribes,
and the public. The TSP directs, reviews, evaluates, and
approves all HEDR Project work. The U.S. Department of
Energy (DOE) funds the project but provides no technical
review or oversight.

Radiation Doses Are Preliminary

Phase I of the HEDR Project is a “pilot” or *demonstration”
phase. The objectives of this initial phase were to

» determine whether enough historical Information couid be
found or reconstructed to be used for dose estimation

* develop and test conceptual and computationai models for
calculating credible dose estimates.

Preliminary estimates of radiation doses were produced in Phase
1 because they are needed to achieve these cbjectives. The reader
is cautioned that the dose estimates provided In this and other
Phase I HEDR reports are preliminary. As the HEDR Project
continues, the dose estimates will change for at least three
reasons;

* more comnplete input information for models will be
developed

* the modeis themselves will be refined
= the size and shape of the geographic study area will change.

Work Brought About Important Innovations

Other work has been done In the United States to estimate the
amount of radiation people recetved from federal nuclear facili-
ties. However, the HEDR Project “broke new ground” by pioneer-
ing several innovations:

* The work was directed by an independent panel of experts
and representatives of states, Native American tribes, and
the public. In the past, the DOE directed and reviewed dose
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reconstruction work invoiving its facilities, This role was
seen by some as jeopardizing the credibility of the work
being performed. The use of a TSP, in contrast, provides
independent scientific and public directon hy a group
other than the one that manages the facilities being
Investigated,

* The public was invited and encouraged to become involved
in, and to have access to, the process and results of dose
reconstruction work. This included opening TSP meetings
to the public, providing public access to project reports and
other materials, and providing public access to the Battelle
scientists conducting the dose reconstruction work. Public
concerns and information needs were actively sought out
and, to the extent possible, addressed in project work and
materials,

* Expanding on efforts in other national studies to make
dose estimation more accurate, the computer model used to
generate HEDR dose estimates was designed to incorporate
differences In factors such as age, food habits, geographical
location, and food consumption. For example, instead of
using one number to try to represent the amount of milk
all people in the Phase I study area drank per day, ranges
of miik from none to more than a quart per day were used
in estimating doses. That is why the preliminary dose
estimates are given in ranges, with a likelihood of having
received a certain dose: the dose estimates reflect the wide
variation in input information. These kinds of dose “distri-
butions” are therefore more realistic than the typical,
single-number estimates of radiation amounts.

Thyroid Disease Study is Separate

In the future, some of the HEDR dose estimates will be used

in a separate study to determine whether thyroid disease in

the region can be related to radioactive lodine released from
Hanford. The Hanford Thyroid Disease Study, which was
funded at the direction of the U.S. Congress, is being conducted
by the Centers for Disease Control and the Fred Hutchinson
Cancer Research Center. No other studies are currently
planned on health effects from the release of radioactive
materials from Hanford.

Hanford Thyroid Disease Study |

" In 1986, the Hanford Health Effects Review Panel recommended’ that a study be conducted to determisie i
whether peoplés’ health 'was affected by todine-131 released from Hanford in the 1940s and 1950s. The U.S..
Congress appropriated money. for the Hanford Thyroid Disease Study. which began in 1988, The purpose of the
thyrofd disease study s to determine whether expasures to lodine-131 released from Hanford may have caused
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Hanford, Thyroid Disea.sc.r Study (cont d}

tion dose infom:atjon fmm the HEDR Project ta
. radiat!on. L

. The: thyroid disease stuciy ) managed by the: féderal’ Cénters far Disease trok ‘The i
Research Center in. Seattle 1s condiicting the work. In their ctirrent pilot study; researthers arerandomiy- . ..

* selecting; interviewing; and examining aeveral hundred people who ltved in southeastern: Washington in. the

- 19403-and 1950s: The main study is expected tobegtn - 1991 and may include mnre peopIe Resuits shuulri
ben:adyinlgsa. . o . . L

Companion Repotrts are Available

This is one of three draft reports that summarize the first phase
of the four-phased HEDR Project. This, the Draft Summary
Report, is directed to readers who want a.general understanding
of the Phase [ work and preliminary dose estimates, The two
other draft reports—the Draft Air Pathway Report and the Draft
Columbia River Pathway Report—are for readers who under-
stand the radiation dose assessment process and want to see &
more technical detail. Detailed descriptions of the dose recon-
struction process are available in more than 20 supporting e
reports listed In the Appendix to this Draft Summary Report. T
They are available in the DOE-Richland Public Reading Room. - N

i
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Overview

Overview of Phase |

For more than 40 years, the U.S. government made plutonium
for nuclear weapons at the Hanford Site in southeastern
Washington State. Radicactive materials were released to both
the air and water from Hanford. People could have been exposed
to these matertals, called radionuclides, in the ways shown in
Figure 1.

The Hanford Environmental Dose Reconstruction (HEDR) Project
is a multi-year scientific study to estimate the radiation doses
the public may have received as a results of these releases.
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f;""'"‘ﬁ"' R .

= Atmospharic e
? i ad Flelaau Jy,.._/"_;. ta s
Inhalation
= R B __....__,_l
TS Liquid Relaase Daposition Oirect
- ta Biver & Sail to Graund Erpooura

Exposumby/

Watar Recreation

G e, d
= -, X shorﬂm/
ot Exposura
% i ) Aquatie Food
- ' e Drinking
‘ Y

Water
Ingesllan

FIGURE 1, Ways People Could Have Been Exposed to Hanford
Radionuclides

Approach

The study began in 1988, During the first phase, scientists began
to-develop and test methods for reconstructing the radiation
doses. To do this, scientists found or reconstructed Information
about the amount and type of radionuclides that were released
from Hanford facilities, where they traveled in the environment,
and how they reached people. Information about the people

who could have been exposed was also found or reconstructed.
Scientists then developed a computer model that can estimate

vif
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doses from radiation exposure received many years ago. All the
Information that had been gathered was fed into the computer
modél Then scientists did a “test run” to see whether the model
was working properly.

As part of its “test run,” scientists asked the computer model to
generate two types of preliminary results: 1) amounts of radi-
onuclides in the enviropment {air, soil, pasture grass, food, and
milk) and 2} preliminary doses peaple could have received from
all the routes of radiation exposure, called exposure pathways.
Preliminary dose estimates were made for categories of people
who shared certain characteristics (such as location, age, milk
consumption patterns) and for the Phase I population as a
whole.

Scope

The scope of Phase I was purposely limited so that scientists
could check the model early in the project and use the prelimi-
nary results to help decide where to focus work for the rest of
the project. The geographic study area was the 10 Washington
and Oregon counties nearest to Hanford (Figure 2).

Phase I work was divided into looking at the two major exposure
pathways: radionuclides that traveled by air and those that
traveled by water. The air exposure pathway was studied from
1944 through 1947, Radioactive iodine, called lodine-131, was
studied for that time period because the largest quantities of it
were released at that tirne and because it accounts for most

of the radiation dose then. lodine-131 releases occurred when
fuel from the Hanford reactors was dissolved in acid to extract
plutonium.

The river exposure pathway was studied fromm 1964 through
1966, when the best river monitoring data were available and
when some of the largest quantities of radionuclides were
released to the Columbia River. Many different radioactive
materials were released to the Columbia River when river
water was pumped through Hanford reactors to cool them.
The radionuclides that accounted for most of the radiationt
dose to people—and therefore those studied in Phase I—were
phosphorus-32, neptunium-239, zinc-65, arsenic-76, manga-
nese-56, copper-64, sodium-24, and chromium-51.
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FIGURE 2. 10 Counties Included in Phase [ Work

Preliminary Resuilts

Part of testing the model involved comparing its results with
independent, but similar, information not calculated by the
computer model. This independent information Included actual
measurements of radicactive materials in the environment
(vegetation, fish, and Columbia River water}; measurements

of radioactive materials in Hanford workers and schoolchildren;
and limited, past dose estimates for the public. Preliminary
results of the HEDR Project were consistent with the numbers
contained in the independent information. The resuits of this
comparison indicated that the computer model was working

as intended.
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Preliminary Dose Estimates from the Air Exposure Pathway

Part of the computer model's “test output” was preliminary dose
estimates. The estimates vary greatly depending on peopies’
locations, food habits, ages, and other factors. The highest
preliminary doses were from iodine-131 released in the 1840s,
primarily from drinldng fresh milk from cows that ate pasture
grass in counties downwind from Hanford. This way of receiving
a radiation dose is called the milk exposure pathway.

Figure 3 shows the dose estimates for the population in the
Phase I study area from the milk exposure pathway. The dose
estimates are shown in the measurement of dose to the thyroid
in rad because iodine-131 is absorbed by the thyroid.

The figure is structured so that the reader can select any dose
estimate number given and see what percent of the population
might have received a dose higher than that number, The first
step In doing this is to select a dose number from the numbers
on the dose axis (under the horizontat line at the bottom of the
figure). Then the reader moves vertically from that number until
hitting the curving line above it. At that point, the reader moves
left hortzontally from the curving line to the “percent” axis (the
vertical line on the left-hand side of the figure), The number on
the percent axis is the percent of the Phase I population that
could have received a dose higher than the dose number the
reader selected,

$5006024.57a
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FIGURE 3. Preliminary Dose Estimates for the Phase [
Population From the Milk Exposure Pathway, 1945 - 1947
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Two examples of how to read this figure are shown on Figure 3
with dotted lines. One example shows that about 50% of the
study population could have received doses from the milk
exposure pathway higher than 1,7 dose to the thyroid (rad).

The other example shows that about 5% of the population could
have recetved doses higher than 33 dose to the thyroid {rad).
Another way of saying this is that about 95% of the study popu-
lation may have received a dose of 33 rad or less to the thyroid.

doses. on arr equivalent basis frr termas of thc potential health rlsk

" Two terms that, describe the radiation dése estimates are: mr.{ and’ Effective Dose Equivalert (EDE} rem, The rad
expresses the amount of energy deposited By tadiation the body—in this report; the thyroid' gland: Effective.
Dose Equivalent (rem) is'used to account for the: factthat a-radiation dose to one part of the body does-not neces-
sarily-have the same potentiai. health impact a$'a dose ta anocther parf; The EDE’ pum diﬁ'erenr. types of radiation

To help people interpret these preliminary radiation doses, it
may help to compare them with other radiation people fypically
receive in dally life, called background radiation (Figure 4). Each
year the average American receives a dose of about 0.036 EDE
(rem) from background radiation. This radiation is from natu-
rally occurring sources, such as the sun, air, soil, radon gas,
and from manmade sources such as medical X-rays. Radiation
doses recetved from releases at Hanford were in addition to such
background doses.

S9006024.57¢c
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FIGURE 4. Preliminary Dose Estimates from the Milk Exposure
Pathway Compared with Background Radiation (HEDR est-
mates are added over 1845, 1846, and 1847, Background
radiation amounts are for the average American, added over

3 years and added over a lifetime})
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About 5% of the Phase I study area population, or 13,000 people,
might have received doses from the milk exposure pathway for
1945-1947 that were higher than the average American might
receive from background sources over three years, About 1%

of the study population, or 3,000 people, might have recetved
doses from the milk exposure pathway from 1945-1947 that
were higher than the dose the average American receives in an
entire lifetime from background radiation.

About 0.004% of the population in the Phase I study area might
have received doses to the thyroid greater than a previously
published estimate by the Washington State Department of
Social and Health Services (DSHS). The DSHS estimated a

dose to the thyrold of 2,530 rem to a maximally exposed infant
in Pasco, 1945-1947 (Washington State Office of Radiation
Protection 1986),

Ren; as.used by the DSHS for !ta thyroid dosc est.lmabe 1a'about equivaient to rad as: used 1n this report This
use of rem should not be confused with EDE (rem} used. elsewhere in this. report

xii

Preliminary Dose Estimates from the Columbia River Exposure
Pathway

Estimated doses people could have received from radicactive
materlals released to the Columbia River from Hanford during
1964 through 1966 were much less than doses from contami-
nated milk during the 1940s. This is because more than 80% of
the total dose to people in the downwind portion of the Phase [
study area from 1944 to the present is estimated to have come
from exposure to fodine-131 released to the afr,

The Phase I stndy area for the Columbia River covered the
stretch of the river between Priest Rapids Dam and McNary
Dam. Preliminary doses were estimated from eating fish or
drinking water from the river or by working or playing near or
in the river. In the Phase I study area. only Pasco, Richland,
and Kennewick got their city water from the Columbia River.

Figure 5 shows the dose estimates for the Columbia River expo-
sure pathway. About half of the people living in Richland during
1964 through 1966 could have received doses higher than 0.035
EDE (rem) from the Columbia River exposure pathway. About
5% could have received doses higher than 0.076 EDE (rem)
(Figure 5). The highest doses were likely received by people who
consumed large amounts of fresh fish (more than 20 fish meals
per year) caught from the Columbia River above Richland,

The estimated river doses can also be related to background
radiation to provide some frame of reference. It is unlikely that
anyone who lived in Pasco, Kennewick, or Richland received
river exposure doses added over three years—1964, 1965, and
1966—that were higher than the average dose a person might
have received in a single year from background radiation

{(0.36 EDE (rem)).
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Upcoming Work

Scientists used a simplified computer model inn Phase I to get
preliminary dose estimates early in the project. The project will
continue for at least another three years, In the project’s next
three phases. scientists will investigate the model to see where
it can be changed to obtain more accurate doses. Also, more
accurate or detailed historical information will be reconstructed
for some aspects of the study, which will result in more specific
input information for use with the computer.

Scientists will also investigate potential doses beyond those
estimated for Phase 1. This will include considering populations
outside the 10-county study area and considering additional
time periods, exposure pathways, and radicnuclides. The final
dose estimates will be more certain—or accurate-—than the pre-
liminary ones are. In other words, the final estimates will give
people a better idea of how likely they were to have received a
certain amount of radiation dose. Also, at the end of the project,
the computer program will be able to estimate people's individual
radiation doses using personal information that they provide.

xiif
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Introduction

1.0 Introduction

This report describes work done in the first phase of the Hanford
Environmental Dose Reconstruction (HEDR) Project.

1.1 Project Objectives

The primary objective of the HEDR Project is to estimate the
radiation doses that people could have received from past opera-
tions at the Hanford Site, The secondary objective is to make
project records available to the public. Coples of project records
are maintained In the U.S, Department of Energy (DOE) - Richland
Operations Public Reading Room in the Federal Building, Richiand,
Washington.

1.2 Project History

The HEDR Project was prompted by mounting concern about
possible health effeécts to the public from more than 40 years of
nuclear operations at the Hanford Site (Figure 1.1). In 1986, the
Hanford Health Effects Review Panel—convened by the Centers
for Disease Control at the request of the Washington State Nuclear
Waste Board and the Indian Health Service—-recommended as a
top priority that potential doses from radioactive releases at the
Hanford Site be reconstructed.

Representatives from the states of Washington and Oregon, from
three regional Native American tribes, and from the DOE agreed
that a dose reconstruction study should be funded by the DOE,
conducted by Battelle staff at the Pacific Northwest Laboratory,
and directed by an independent Technical Steering Panel (TSP).
A TSP was deemed necessary to provide credible, independent
scientific direction and to provide a forum for participation by
the states, Native American tribes, and the public.

Representatives from four Northwest universities selected the
technical members of the TSP to direct the dose reconstruction
work. Other TSP members include individuals appointed to
represent the states of Washington and Oregon, cultural and
technical experts nominated by the Native American tribes in
the region, and an individual representing the public, The TSP
makes decisions on technical direction and reviews and approves
all HEDR reports. Though the DOE operates the Hanford Site
and funds the HEDR Project, the DOE does not review or approve
any aspect of HEDR Project work.

1.1
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Public Interest/concarn about radioactivity from
Hanford Intensifies

Indian Health Sarvice and Washington State
Nuclear Waste Board ask CDC to form pana to
raviaw heaith effects from Hanford radiation

"Downwindaras” and HEAL ask DOE to provide
historieal Information on Hanford radlation

DOE places 19,000 pages of Hanford historical
dacumants in DOE Public Reading Room [n
Richtand, Washington

HHERP maats and racommands 1) dose
recanstruction study and 2) thyreid disease study

DOE diracts PNL (o baegin HEDR Project and to
cohvene a TSP

Professors from four Northwest universities select
technlcal membars of TSP, Washington and Qragon
govemors and Native Amatican tribas appoint
reprasentatives to serve on TSP; TSP appoints
mamber of public to sarve on TSP

TSP meats for the first time

CDC directed by Congrass to conduct the Hanford
Thyreld Diseasa Study

1978 | {1985 | 1986 | 1987 | 1388 |

1989 |

1990

CDC < Cantars {or Disease Contral

DOE = U.5. Departmaent of Energy, Richland Oparations

HEAL = Hantford Education Action League
HHERP = Hanford Health Effacts Raview Paned
PNL = Pacific Northwaest Laboratory

TSP a Technical Steering Panel

HEDR = Hanford Environmental Dos¢ Reconstruction {Projact)

FIGURE 1.1 Timeline of Events that Led to Establishment of the HEDR Project

1.2

1.3 Scope and Limitations of Phase 1

The HEDR Project is carried cut in four consecutive phases.
Phase I was limited in scope because its purpose was to develop
and test a scientific approach for dose estimation, not to generate
definitive dose estimates, Phase I work was Uimited to populations
in the 10 counties surrounding the Hanford Site from 1944
through 1947 and 1964 through 1966. In later phases, the
Phase I preliminary estimates will be refined and expanded for
residents in other locations at other time periods. In addition,
Phase I preliminary estimates were made only for populations
and groups of people who shared specific characteristics. In later
phases, scientists will be able to estimate radiation doses for
actual individuals.

59006024.53
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The project’s role is limited to estimating amounts of radiation ' -
received by people. This charter does not include evaluating
how Hanford radiation may have aifected peoples’ health, Simi-
larly, scientists did not attempt to assess the risk associated
with having received specific amounts of radiation.

All radionuclides released from Hanford Site facilities were
considered in Phase I. This included any radionuclides that may
have traveled from Hanford waste disposal areas through soil,
into ground water, and into the Columbia River.

In Phase I, scientists studied the routes of radiation exposure
that accounted for most of the radiation dose people received. In
later phases, additional routes of exposure will be investigated.
Such exposure pathways inciude erops irrigated with contami-
nated Columbia River water and eaten by people, radionuclides
previously deposited in the sofl and stirred up again into the air
and breathed by people, and radionuclides carried off the Han-
ford Site by animals that were eaten by people.

Deslg:mng a Test Modcl for Making Dose Estimntu

The HEDR' iject can be: thought of ag:a pmject torbuild a-new kind of car that must meet certain standards—
for-speed; economy. comfbrt,. saféty, and gas mileage; for example; Automotive designers would have a goad,
foundation for'designing such a car because they have beert designing successful cars for years. But what.
would make this project diﬂ‘erent is that aﬂ thesc speciﬁcations wnulcl not havc been put togetherin onie car,
designuntilinow: .

Simﬂariy the HEDR Project build.s on uther dose rccnnat:uctlon work but the HEDR work js new-because-of '
the way doses-are estimated. Phase ['of the HEDR Project was similar to what the “test phase™ of a new car
design program, would be. Automotive designers: normally butld and test a."trfal” model to make sure everything,
is working properly. Before they, butld the final one. Stmilarly, Phase [ of HEDR was a testing phase in-which §
scientists designed, built; and tested the:framework for the rest of the study. The “test model™ was the computer |
program, or model, for making dose-estimates. Part of designing the model was finding or creating the right

kdnd of. inf'om:atfon to-give. the computer model to do its wark. :

After the model was assembled and fed’ wit.h informatton, It was:tested to see whether it worked properly.
Essentially. scientists “turned on” the computer programy, let it perform its thousands of math calculatons, and:
got some rough dose estimates at the end: The computer-generated dose estimates were checked with inde-
pendent information to verify that the computer was making estimates in the expected ranges. It was, which
canfirmed that the computer program had been:designed properly and was working correctly,

Phase I was similar to designing and building a. teat model for the new carand demonstrating that it runs., The
HEDR computer medel runs, but it must be- tested  and tmproved to meets its specifications before it Is. consid-
ered finished. In the next three phases of the HEDR Project. the model will be further tested and fine-tuned so-
that it can make more accurate dose estimates.

1.3
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1.4 Anatomy of Report

The report first presents background information on the Hanford
Site, Next, the dose reconstruction process is described, inciud-
ing the input and output information for the computer model
that was used to estimate preliminary radiation doses. The dose
estimates are presented. Then, to provide some perspective, the
preliminary estimates are compared with background radiation.
Independent sources of information—previously published dose
estimates and measurements—are compared with the HEDR
dose estimates to verify that the preliminary HEDR computer
model is working properly.



Hanford Site History

2.0 Hanford Site History

This section describes the Hanford facilities from which radicac-
tive materials were released and the methods for controiling and
monitoring releases.

2.1 Hanford Site

The Hanford Site in southeastern Washington State (Figure 2.1) -
was established in 1943 as the location for the facilities needed
to produce plutonium for atomic bombs used in World War 0.
Fuel fabrication facilities were used to prepare the fuel for
nuciear reactors that frradiated the uranium fuel to create
plutonium, The reactors were cooled using Columbia River
water. Chemical separation plants were used to separate pluto-
mum from uranium and from fission products created in the
fuel during irradiation.

Radiouct:lve Mnterial and Radiation o

A radioactive materal [ormdionuclide} 13 one: that spontaneously emits radiation. Atoms- of these materials emit
radiatlon because they have excess energy: Several types of radfation can be emitted when a radicactive atom-
getd rid of its excess energy: Some radicactive materials emit a particle such ag an electroz (also called a beta
particle},’a neutron, or-an-alpha particle (whicki is.two protons and two neutrons): Other types of radioactive:

materfalaiemit packets. of energy. m.lled garm-na rays. & gamma ray is. physically the same.as aray oflight,
except it has much more energy:

. When anx a.tnm of a,radioact(ve matcriai emim ra.dlation. 1t s caifed x‘adioactlve decay. When a radlcactive atom
decays, it.can turmn into a stable version of the same element or it can change into anather chemical element. .
Far example, whenr lodine-131 decays; it. turns Into a nonradicactive element. A group of Tadioactive atoms of

" the same kind will decay at a partienlar rate called the half- life. The half-lifé Is the-time it takes forhalf of a.
group of. ra.dioacﬁve atoms to. undergo decay

Radtoa.ctive materiala. e:dst naturally in the earths crust. Radioacﬁve materials are also made in nuclear
reactors and other nuclear devices. The HEDR Profect 18 studying the potential exposure: to people ffom. release
of rad{oactive: materials produced in the nuclear facilities at Hanford.

The first three nuclear reactors—B, D, and F—began operating
in 1944 and 1945. Chemical separation piants T and B were
started up in December 1944 and April 1845, respectively. After
World War II ended in 1945, the reactors continued to irradiate
uranium fuel and produce plutonium, From 1849 through 1963,
six new reactors—i, DR, C, KW, KE, and N—and several new
separation plants began operating. In addition to producing
plutonium, N Reactor produced steam to generate electricity.
This reactor aiso differed from earHer reactors in that it did not
discharge large quantities of radionuclides to the river,

From 1964 through 1988, a reduced need for plutonium led to

the eventual closure of 2ll the government production reactors and
separations plants, except the PUREX Plant, which continues to
be available to process plutonium from a backlog of trradiated .
fuel. -

2.1
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Process operations inside these and related facilities resulied in
the release of radionuclides to the air, the Columbia River, and
ground disposal facilities.

. THe-primary milasion of the Hanford Site during the'Phase [ time periods-of 1944-1947 dind 1964-1966 was to» .
produce plutonium. This mission was dccomiplishied by means of. the operations showr in the figure: Uraninm:
" was made inta fael eléments (urantum fuel'encased in metal cylinders) in the Hanford Site’s 300 Area, shipped:
- to the reactors:to-Be:trradiated (which produced plitonium in the fuell” - o
and then shipped to the 200" Areas.where plutonium was chernically:
extracted. Fom the frradiated fueli Of primary interest to.thie HEDR.
Project were those operationa: that released radicactive materala to'
" the atr'and to.tHe Columbia Rivers. =~ . . " e e

. Theirradiati

l Incoming Uraniuml’,

o | Fz;ol Praparation [ B ; o

Water from-the Coluimbiia. River was.pumped thraought the reactors to coal
them during operatfom: This was true for all the Hanford: production reactors:
except. N Reactor. N-Reactor had' a-protected ‘cooling system that Kept radionuciides-

r V.Irradiatlon lE:;

out of the: cooling water that was.released. to the Columbia. River.. ' ' ‘

Most of the radionuelides that went inta the river were created when matertals that I Storage l
occur naturally In the river: or, chemicals added to.treat the water; were exposed to: - y

neutrons: in:the reactor core. Radioactive materials were also produced when /

minerals temporarily adhered:to. the cooling tubes:in. the reactor and were: |

" exposed. to the neutrons; These materials were released when' the cooling T Separationa ] -
systermm was cleaned. © o : ' )

" Whiert urandum fizel elements were irradiated in thé reactors to-produce pluto--

nium, hundreds. of other radicactive elements were also created. Some of these [ Prutonium Fabrication |
" radiomuclides aceidentally escaped: from occasionaliniptures i the fie] elements o
Into.the water used to-cool the reactors. THe cooling water containing these radfonuciides. S9005024.100

was: pumped into. holding basins to let some of the radioactivity decay: Then the water was X
released! into the Columbia River: These accidental relezses were a small fraction of the total armmount
of radioniiclides that were routinely released into the river-with ecoling water from the reactors. ~

When irradiated fizel was removed from the reactors, it was. stored for several weeks- ta allow short-lived radionu-
clides to decay. The fael was then shipped to the 200 Areas, placed in large vessels, and chemfcally dissolved to
extract plutonium-and other radionuclides. During this dissolving process, lodine-131, which-is a gas, and’
some other radfonuclides were released from the vessels, routed to tall exhaust stacks. and released to the air:

2.2 Monitoring of Radioactive Materials From
Hanford

The release of radioactive materials from Hanford was controlled
through several steps beginning with process controls and
ending with personnel monitoring (Figure 2.2).

Each of these control measures evolved as experience was
gained in control and monitoring technology and in knowledge
about the potential for health effects from radiation exposure.
Processes were adjusted and timed to result in releases that
were considered safe. In the early years of operation, releases
and their potential for exposing workers were compared with
guidelines adopted from the medical community by Hanford
scientists (Wilson 1987). Regulatory standards were not devel-
oped until the 1950s.

2.3
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Emissions monttoring, which began with the startup of Hanford
facilities in 1944, consisted of measuring the amounts of radio-
active materials vented {o the atmosphere and released to soils
and to the Columbia River. Measurements of materials released
to the river were reifabie from the time Hanford facilities started
operating. However, the technology to accurately measure
atmospheric releases evolved for several years before measure-
ments became reliable. Meanwhile, atmospheric releases were
estimated on the basis of process information and estimated
filter efficiencies when effluent filters were installed in 1948
{(Burger 1989).

Measure radistion Madity design of
recaived by public cperating facility

bt

Moglty Process

Mensiirs radialion {reactor operatlon,
In srvirgiment Plutonium extraction, stc.)

L/

Caontrot aic emissions
by using fillers

LA

Maasure radistion
recs{vad by vearkers

Measure aid
sstimate sminsions

ROO061EA

FIGURE 2.2, Methods Used to Control Releases from Hanford
Site Facilities
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Contro]. of Radionct:l Relcases

. st began operating: ! "
materfals. to complywith early gu{delines. Later; regulatory standards were followed: conceming a]lowabIe con- e
 centrations’ of rad.ionucﬂdes In the envimnment and e.'xposure of Hanford wurkers and:the- pubﬁc. Mmumg '

As tirne went. un.
. ogy for monitoring,. enﬁss{ons and radionuchdm i the environment and in peop]e impmved Using this impmveci

knowledge and tectinology. operations were: changed to reduce emisstons of radionuclides t.hat were known: to-
resudt tn. the Iargest exposures to peop!e. o

Emisgions. Momtunng——Liquld and’ gas- re!mses of ra.dlonuclidm were measured pm'lodlcally or continucusly
at:or near the point of release with vartous types of automated equipment. This sampling was called emissions’ .
monitoring, One objective of monitoring emissions was to. estimate- thie type and amount of radfonuclides:.
released:ta the'enviranment so that releases could be maintained. within operating specifications. Emissions:

_ monitoring was also uaéd to: detect a.ny accidenta.[ relee.aes or {ndicat:tona that the pmcess equipment was'not.

i Environmental Monitorin.g—Air. rlverwatcr. drln!dng water ground water; soil, vegefauon. ga.mﬂ birds game

animals, fish, shellfish, milk, and crops are checked periodically to' measure in them any radionuclides origi-
nating from Hanford! This type of measurement, known as environmental monttoring, is used to determine
whether radicnuclides released: from Hanford. to the enviranment are within regulatory standards Environmental
monitorsng also pmvid.es a check ont the valldity of t!:e emissions monitoring,

Personneél Monito::ing—-Personnel monitorlng ts tHe- process of measuring radioactivity in Hanford Workers

. Workers are monitored to determine whether thetr exposure to'radiation s within establishied standards; Moni~
toring systems inclirde defectors, called: dosimeters, that areworn continuously while in potential radlation
areas; the-use of hanid’and foot monitors:at points of exit from buildings that might contain radioactive materi-
al$1 scans-of clothing of workers.who are preparing to leave areas likely to contain radicactive materials: and’
whole-body counts to detect passible intake of radionuclides. All these systems provide more checks to deters.

mine whether operat‘lons are being conducted withm specifications. and ultimately, to protect people and the.
environment. .

Whole-Body Countcn-——{-[anford Site workerﬁ who m!ght come i contact with radicactivé materials that could:

* be ingested or inhaled"are periodically monitored with arrinstrument cailed a whole-body, counter. The instru-
ment scans the entire body to detect radfonuchides.that might have been inhaled or ingested and that couid
concentrate in various: parts of the Body: During the late 19603 and early 19703, these Instruments were also
made available to lmonitor’mtemsted members of the public.

Environmental studies, which started before Hanford facilities
began operating, consisted of meteorologleal studies and laboratory
evaluations of fish exposed tc Hquid emissions. Metecrological
measurements and observations of attospheric plume behavior
began in 1943 {o predict the path and amounts of radioactive
materials released to the air. It was determined early in Hanford's
history that releases should be confined to meteorological condi-
tions that would reduce the possibility of worker exposures and
that would result in maximum dilution by the attnosphere
(Operation of Hanford Engineer Works, § Department 1946).

Environmentai monitoring was expanded to measurements of radio-
activity in the air, ground, vegetation, food, wildlife, Columbia
River water, drinking water, sedimtent, fish, and other aquatic
life. It was not untid the mid-1950s, however, that the possibility
of milk as a pathway for radioactive lodine was recognized

25
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(Parker 1956; Comar et al. 1957). Consequently, milk containing
lodine-131, which resulted in radiation exposures of as much as
10 to more than 100 times as high as exposure from breathing
iodine-131, was not monitored during the period of highest
releases of lodine-131, from 1944 through 1947.

Employees were checked for possible radiation exposure from
the time they began working at Hanford (Wilson 1987). External
exposure (radiation on workers' hodies or clothing) was meas-
ured using devices kniown as pencil dosimeters and hand and
foot counters. Clothing and extremities were scanned with
Geiger counters, In addition, to measure radionuclides that may
have been absorbed or ingested, a hicassay program, and limited
scans of the thyroid glands of specific workers were also begun.

Beginning in 1959, whole-body counts of Hanford workers were
aiso conducted (Wilson 1987). Monitoring of people with whole-
body counters off the Hanford Site began in 1965. More than
5,000 schoolchildren in the Tri-Clties area were monitored
(Endres et al. 1972). The thyreid scans and whole-body counts
of workers and the public are good sources of independent data
to compare with the HEDR dose estimates.

Potential radiation doses to the general population near the
Hamford Site were reported for the first time in 1957 and have
been estimated in annual environmental monitoring reports ever
since. Dose calculation methods have evolved and improved over
the years as technology has improved. Until 1973, dose esti-
mates were based on measurements of radionuclides in the
environment and in foods. After 1973, amounts of radionuclides
ir1 the environment decreased to the point where they could no
longer be directly measured. Instead, they were estimated based
on modeling from measured or estimated releases (Fix 1975).
The decrease in radionuclides in the environment resulted from
improved control technology, closing of the original reactors, and
closing of major chemical separations plants.
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3.0 Dose Reconstruction

Dose reconstruction starts by gathering information about
contaminants released to the environment and determining how
and where they traveled in the atmosphere, soil, ground water
and river water. Next, scientists identify the biological paths the
contaminants take through food chains to humans, Information
is gathered about the number of people that could have been
exposed, and their age. sex, food habits, lifestyles, and any other
factors that could influence their exposure to contaminants, All
these factors are put together to estimate radiation doses. Figure
3.1 shows the dose reconsitruction process used by the HEDR
Project.

How Rad.!ation Dose Estimates We:e Madm ’

Estimaﬂng radiation dose from past exposure s somewhat llkc constnxct(ng a huge jigsaw puzzle with most of
its pieces' scattered around the netghborbiood and the rest lost: Scientists searched for and extracted informa-
tiom. Erom. }ﬂstor[cal records Where past mformatlon was misslng. scientists estimated it as closely as posaible.

Like detectives (ng clizes-to réconstruct: an event, sclentists pleced together information to reconstruct how.
radlationrreachied people. They began by estimiating the types and amounts of airborne and liquid matertals.
released from Hanford faciliies. Next they estimated the amounts of radicactive materfals that appeared in afr;
water, flshy vegetation. andi soil. Ways people could have been exposed to radionuciides—such as 'breathing:
contaminated air or consurning contaminated food—were Identified. These routes of radiatfon travel are called
expasure patbways. Next, information: was eatimated ‘about the numbers of people. who could have: been.
exposed, where they lived; and what they ate and drank; Ail this information was fed into acomplex computer
program: that calculated the radiatiorr dose est‘lmates. ' o

3.1 Phases

The HEDR Project is being conducted in four phases as shown
in Figure 3.2. The objectives of Phase I were to 1) determine
whether sufficient historical information could be found or
reconstructed to estimate doses, and 2) determine whether a
dose reconstruction model could be constructed to provide
preliminary, realistic estimates of radiation doses to the public.
Achieving these goals required that the study area, time periods,
radionuclides, and populations of interest be Hmited.

Phase II will be a review and testing phase during which Phase I
preliminary results will be examined to determine how to im-
prove the accuracy and precision of the final dose estimates to
be calculated in Phase IV, Phase I objectives will be reached by
tdentifying the input information most responsible for potential
inaccuracies and imprecision in the preliminary dose estimates. )

Fhases III and IV will be used to refine Input data, modify the
model, expand areas, extend time periods, and ensure that ail
key emissions of radioactive materials from Hanford are ad-
dressed.

3.1
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Input Modeling
Data Process

Operating data on
facilitles and emissions —

Source Tenw
Models

i

Estimated amounts of
radionuciides reieased

« Meteorological data
« Ground water data
« River data —

Environmental
Transport Models.

D

Estimated amounts of
radionuclides in the environment

« Radionucliide uptake
in plants and animails —
and agricultural data PlantAnimal

. Uptake & Transfer-
Monitoring data e

@«

Esﬂmaied amounts of
radionuciides in foed and milk

Biological and population iy *©g

data

Consumptions
Biologicat &
Gosimetry Models

$9006024.22 Estimated radiation dose
to pubiic

FIGURE 3.1. Dose Reconstruction Process
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Dose Reconstruction

The final dose estimates generated in Phase IV will be more
accurate and precise than the Phase [ preliminary estimates as a
result of improving the nput information and improving the
models themselves. Nevertheless, the dose estimates will aiways
remain estimates. They will always include some inaccuracy and
imprecision from vartability in nature and unavoidable impreci-
sion In input information.

These terms refer ' different ways: characterizing how' good, ow close or how certain some esttmate is
true value. For example; consider three ways to. describe an estimate of the helght of a group of people: 1} as 6
féet; 2) as.5féet-11'and 1/8 Jnches. or.3) assomethmg between, 5 féet-§ inches and 6'feet-6 inches with a.

. iikelthood of 95 that the’ average value s bativeen these two values: THen say we measuré each member of the
group and find that the average height ts 5 st21 I'and 7/8 inches; and, that the heights rafige fom: 5 feet-7'
inches-to & feet-3 nches. Estimate number | 13 an aecurate esttimate of the average height of the grotp; thought
it t= ot very prectsé (exact)’ Estimate number 215 a: precise estimate ({o:the nearest. 1/8 inch), but not as:
accurate as-number 1 [fiearly an' ineh off). Number 3 i3 a reasonable estimate of the uncertainty in the he!ghts
because the. estimate contaln the: averagc: va.lue and the entire: range of valua.

' The appmach used i number . the-use of dlsf:ribut[ans. grvea the most nformation, le HEDR Project uses:

» distributions'as {nput information to the dose model, and the model calenlates distributions as output Informa-
* thon, THuas, we obtain not only an estimate of the average values and ranges but also the likelihood of dose:
: estimate amounts of interest.  Accuracy ts more impartant than precision during Phase I, Sources of uncertainty

in: the- computer model and its input information will belnvestigated iz later phases to- {mprove thie' precisfon’ of
the dose eatimates . . . . .

PHASE I PHASE II PHASE [1I
Model Development & Testing Sensitivity/TInceryainty Analysis Exvansmu and Refining :
+ Select limited scope: « Evaluate Phase I model results + Expand scope as warmanted by Phase II =
geographical area, ime period, work
radionuclides, populations + Identify key parameters for dose
calculaton via sensitivity analyses = Reduce uncenainty in key parameters
+ Find, evaluate, and summarize per Phase II recommendations
historical data * Determine feasibility/value of reducing :
uncertainty in parameters + Modify models per Phase II
» Develop conceptual & mathematical - recommendations

models and incorporate uncertainty * Propose to expand scope (geographic
area, ime period, populations) in

+ Apply models/data to limited scope context of established dose threshold PHASE 1Y
to test the model
» Recommend action to reduce Dose Calculation
uncenainties and recommend changes ’
in conceptual/math models + Calculate final esimated doses

FIGURE 3.2. HEDR Project Phases
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'Reducing Uncertainty‘in t'.he Dose Estimates o

 Sclentiste-ised mpliffed computer model.in Phaseto. get: preliminary esﬂmates wly in the pmject The
computmzed approach.was developed. and teated with great care to. make it as error-free as‘possible. Now:
. sefentists will investigats: themodel to see where it can~b¢: hanged to obta.fn more-accurate doses such as by
- putting fy- a.ddiﬁonal nformaﬁon when es ¢ . ‘ :

Much ‘of the. hIstorIcal da .that goes ifita mp mode ‘contains gaps: Some his cal record.s.are L
-Incomplete, missing.or not’ suiHcientIy detatled. Datzs -gaps: like these mean that radfation dose-estimates. can N
never.be totally certaifr, even the final ones at the. etid of the project. However; scientists estimate missing ar

incomplete dats 2 as clusely a§ poasible. and useif in the computer model that estimates; doses )

The final dose estirhates will be more certalni—or accurate—-—than the-preliminary ones:are: This is because

scientists will have reduced as many uncertaintiesias possible in the computer model and 'data that go into it.
Also; more accurate or'detailed historicalinformatiofi will be- reconsm.xcte.d for some aspects of the study. which
will. result in moré Speciﬁc input far use with the computm o . . o

3.2 How HEDR Dose Estimates are Depicted

Until recently, dose assessment efforts such as the HEDR
Project used an approach that resulted in a single number to
represent a best estimate of radiation received by people. For
example, as in Figure 3.3a, radiation doses estimated for resi-
dents near a nuclear facility might have been gtven as 1 millirem
to an “average” or “typical” individual during a particular year.
(A milllrem is one-thousandth of a rem.} Such a single-number
estirnate provides ne information about the range of doses that
might actually occur, no hint about the accuracy or precision of
the estimate, and no indication of whether most people received
a dose near 1 millirem or if doses were equally dispersed over a
broad range from, for example, 0.01 to 10 milliren:.

Sometimes a range of dose estimates is provided, as shown in
Figure 3.3b. By itself, the range does not provide information
about whether most doses are at the low end, the middle, or the
high end of the range. An improverment on this approach is to have
the average value and the range provided, such as in Figure 3.3c.

Distributiony

A distributfont is a grouping af” mwsurements-—such as measurements of heights, weights. or incomes—according
to how cormon. frequent. or likely they are. In dose reconstroction, distributions show the proportfon or
percent of a population' that receives doses greater than a value selected from the dose range. These distrdbu-
tions can also be used ta determine the fraction of a populatjon that received amounts of radtation within any
speciﬂedrange ’ TR e

Additional information can be provided by indicating the likeli-
hood, or probability, of certain dose values, such as shown in
Figure 3.3d. Finally. by depicting the information as in Figure
3.3e, iInformation about the range, the median (middle), and the
percent of doses greater than any value can be seen.
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Dose Reconstruction

Distributions can provide an estimate of a middle (median)
value, as shown by moving in the direction of the artows in
Figure 3.4a. Distributions also provide information about the
percent of doses that are greater than an amount selected on the
dose axds. This is done by moving horizontally to the right along
the dose axis in Figure 3.4b (see dotted arrows) to 1, 10, or 100,
then moving vertically from these values to a point where the
vertical lines intersect the curving line. Then, moving left hori-
zontally to the vertical axis shows that 85% of the people are
likely to have received doses greater than 1, 25% greater than
10, and 5% greater than 100.

For lllustration anly—not actual dosa astimatas

a d
Single-Number 0.4
Estimate 03 b
LY 1 i 0.2+
1 10 100 1000 0.1 fk
Q ) ! !
b 1 10 100 1000
0 Range \ %,
' ! 100
1 ] 1 75
1 10 100 1000
50
c 25
Rangs & 0 .
1 Average | 1 10 100 1000

1 1

i
1 10 100 1000 $8006024.31

FIGURE 3.3. Options for Ways to Describe Doses
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FIGURE 3.4. Information Glven in Hypothetical Dose Estimate
Distribution
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A

For the HEDR Project, sclentists {elt it was important to consider
differences in radiation doses that would result from differences
in age, sex, lifestyle, food habits, geographical lecation, agricaltural
production, month, season, year, and other factors. To accomplish
this objective, input information to the HEDR Project model
consists of distributions instead of single-number estimates. For
example, Instead of using one number to represent the amount
of milk all people in the Phase [ study area drank per day, the
HEDR Project uses a distribution of amounts of milk people
could have drunk. This approach accounts for variahility—that
actual milk consumption can range from none to more than a
guart a day., and that some amounts are more likely than others.
1t also accounts for uncertainty from lack of kmowledge—it is
unlikely that a person could remember exactly how much milk
he or she drank 45 years ago. The use of distributions enables
the preliminary dose estimates to reflect differences in milk
consumption in the population.

In Phase II, scientists will work to reduce uncertainty as much
as possible by concentrating on improving input information
associated with the largest area of uncertainty in the output
information.

Uncertainty

Uncertainty in the dose atimates can be caused by several ﬁactors One ia uncertainty resulting From Incorn— .

plete-information: such as not being able to' measure:all the féod people actually ate. Another source is the:

possibility of errors: made in'past measurements of radlation in emissions, the environment; or people. Natural’

variations also contribute to-uncertainty in'much of the input information‘{o the dose model. Examples ofthese o

variations include. différences among indtviduals In'age, sex: lfestyle; and geographic location: différences.

among, dairy cows in the amounts of contaminated pasture g;rass they ate; and. diﬁ'ermca in milk production of
individual cows-diring the year.

T e - L ':1

[fperfect knowledge of these variat!ons were. available. and If this knowledge could be mcorporcxted. 1n the
modeling process, then natural variability would not be contributing to uncertainty. However, because of the:,
impossibility of collecting every pilece of this Information, scientists estimate the variability inr input information.
These uncertainties are reflected in the resulting dose estimate distributons. -

3.3 Quality Assurance

Inn a project the size and complexdty of the HEDR Project, marny
opportunities for errors exist. Mistakes could be made in input
selection, transcription of raw data to a specific input format,
formulas used to calculate results, computer codes developed to
make calculations, and depiction and interpretation of results.
The HEDR Project uses a strict quality assurance (QA) prograin
that helps to reduce the chances of making errors and improves
the chances for detecting and correcting them, The QA program
helps ensure that results will be scientifically accurate and
defendable, that the entire process is documented, and that the
documentation is retrievable.

3.6




PO

Dose Reconstruction

As depicted in Figure 3.5, the QA process begins with planning,
Work plans and QA plans that specify technical and administra-
tive procedures are developed and training is conducted. The
process continues with documentation and checking of calcula-
tions, software development and application, data evaluation,
and Imdependent verification of the traceability and retrievability
of project records.

Planning

+ Work Plan

+ QA Plan

» Technlcal and
Administrative Procedurss,

= Training

Varifying

« [ntermal and Extarnat
Revisws

Performing
+ Hand Calculations

« QA Survalilancas » Software Control
and Audits » Contred of Data
+ Corrective Actlon * Records Control

Quallty Product { Estimates) SH006024.23

FIGURE 3.5. Quality Assurance Process

During this iterative process, continuous surveillance and
periodic audits cccur to ensure compliance with the established
procedures. In Phase [, QA surveillances were conducted on
various computer codes and software, databases, and estimated
data as summarized below:

* computer code used to estimate radionuclides released
from Hanford facilities

* computer code used to calculate radionuclide transport in
the atmosphere

* computer code used to estimate dose from lodine-131 to
an infant’s thyroid

s computer code used to estimate dose to adults who ate
Columbia River fish

* computer software used to evaluate the correction factor
for radionuclides in vegetation

* population database

3.7
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* database containing measurements of radionuclides in
fish

e calculated radionuclide amounts in the Columbia River

* estimates of feed intake by cows and milk production/
distribution.

In addition, three audits were conducted of Phase [ work—two
on adminisirative controls (i.e., staff training, records, reviews,
ete.) and one on data traceability of reported results.
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Air Exposure Pathway

4.0 Air Exposure Pathway

Phase I consists of two parts: 1) reconsiructing potential radia-
tion doses from the release of radicactive materials into the
atmosphere, and 2) reconstructing potential doses from the
release of radioactive materials to the Columbia River and to
soils on the Hanford Site. This chapter covers the air exposure
pathway only (Figure 4.1). Chapter 5.0 discusses the Columbia
River exposure pathway.

4,1 Approach

This section discusses the selection of the geographic area,
time periods, radiomuiclides, and exposure pathways that were
selected for Phase I dose estimation for airbome radionuclides.

Area

The Phase I study area for the air pathway covers the 10 coun-
ties nearest the Hanford Site (Figure 4.2). This area was selected
to encompass populations nearest the releases and therefore
most likely to have been in the path of the highest concentra-
tions of radioactive materials transported by the atmosphere
from Hanford facilities. The Phase I study area

also inciudes areas that were usualily upwind and therefore
were least likely to be in the path of high concentrations of
radicactive materals originating at Hanford., This variety pro-
vided the ability to determine whether HEDR Project models
could deal successiully with a wide range of doses. Finally, the
area was purposely limited to counties near Hanford as part of
the objective of Phase I to emphasize testing the feasibility of
reconstructing doses rather than encompassing all areas that
might have been exposed to Hanford releases.

Time Period

As llustrated in Figure 4.3, iodine-131 releases were highest

in the early years of Hanford operation. It is estimated that the
period 1944-1947 accounts for more than 90% of iodine-131
released since startup of the facilities (Anderson 1974). The
Phase I timne period was therefore selected to include the highest
estimated releases and highest probable doses from fodine-131.
It s important to recognize that iodine-131 disappears within a
few months of its release because it decays rapidly (half decays
every 8 days: therefore, less than 1 millionth remains after

160 days of its release).
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FIGURE 4.1. Alr Exposure Pathways Used for Dose Estimation
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FIGURE 4.2, Phase | Study Area - Air Exposure Pathway

Measured Radiation

The curie is used to express the amount of a radioactive material present. It measures the number of atoms of
a particular radioactive element that decay each second. One curie i3 37 billion atoms undergoing radicactive
decay each second. The millicurie {one 1/1000 of a curie or 37 million decays per second) and the microcurie

(37 thousand decays per second) are also'commonly used to express the amount of a radioactive material
present., '
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FIGURE 4.3, Estimated Releases of Iodine-131 from Separations
Plants

Radionuclides

Phase I focused on iodine-131 because studies showed that it
accounted for most of the dose from the air expesure pathway
(Ruttenber and Mooney 1987; Napier 1990) (Figure 4.4).
Other radionuclides and time perfods will be addressed in
later phases.

Exposure Pathways

Atmospheric releases of todine-131 can result in radiation
exposures through several pathways (Figure 4.1). Of these
pathways, drinking fresh milk containing iodine-131 that

was consumed by dairy cows grazing on contaminated pasture
results in the highest doses. Other, less important, pathways
are via eating contaminated vegetables, fruit, or eggs; drinking
contaminated water; inhaling iodine-131 in air; being immersed
In or near a cloud of {odine-131; and being exposed to radiation
from surfaces on which the iodine-131 deposited. Because of the
importance of the milk pathway, a significant effort in estimating
doses from air exposure went into detailed reconstruction of the
dairy industry as it operated in the middle to late 1940s.

The pathway of radionuclides being carried by irrigation water to
crops that people eat will be investigated in later phases of the
project.



Air Exposure Pathway

4.2 Input Information

This section describes the Input information used in the model
to estimate doses from the air exposure pathway. A variety of
data from on the Hanford Site and off the site was used.

Onsite Data

Data on the Hanford Site for estimating doses for residents living
in the study area from 1944-1947 include calculated emissions,
meteorological information, and Hanford employee monitoring
data.

Releases of iodine-131 to the atmosphere occurred primarily
from the exhaust stacks of chemical processing plants (T and

B Plants} in the 200 Areas (Figure 4.5). Details concerning the
processes that resulted in the release of iodine-131 can be found
in Burger (1989). Several years elapsed before technology to
monitor lodine-131 releases produced reliable data. In the
interim, engineering calculations were used to estimate the
amoumnt of iodine in the trradiated fuel that was released to the
atmosphere during dissolving operations (Morgan 1980). HEDR
Project staff reconstructed jodine releases by searching for
historical records of plant operations and estimating releases by
means of engineering calculations. Fortunately, enough records
covering plant operations during the Phase I study pertod were
still available.

EH lodine-131
Other Radionucildes

$9006024.52

FIGURE 4.4. Radionuclide Fractional Contribution to Dose
From Air Exposure Pathway, 1944-1947
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FIGURE 4.5. Hanford Site, 1944-1947

Estimates of iodine-131 released from the chemical separations
plants each month beginning in December 1944 through
December 1947 are shown in Figure 4.6. The shaded area
shows the uncertainty in the ranges of estimates of the amount

of iodine that might have been released from the dissolving
vessels to the atmosphere.
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FIGURE 4.6. Estimated Releases of Iodine-~131 from Separations
Plants .

A metecrological monitoring program was begun at the Hanford
Site more than a year before plant startup. Hourly temperature,
wind speed, and wind direction data were collected at the
Hanford Meteorclogy Station between the processing areas
(Figure 4.7). Additional wind data were collected at other loca-
tions on and near the Hanford Site and are available for recent
years. Figure 4.8 shows the location of the Hanford Meteorology
Station and the supplementary wind stations in the Hanford
Telemetry System. The supplementary wind data are not
available for the 1944-1947 period.

Radiation exposure of onsite personnel was monitored in several
ways as discussed in Chapter 2.0. Of importance to Phase [ are
nearly 8,000 records of thyroid checks. These were measure-
ments of radiation emitted from the thyroid gland that were
taken with hand-held monitoring Instruments. People who
worked in areas where they might have been exposed to iodine-
131 were monitored. This inciuded workers such as process
canyon crane operators and personmnel stationed at downwind
security checkpoints. Up to 150 of these workers were monitored
each week, but individuals were not monitored according to a
specific schedule.

These thyroid checks provide an independent estimate of expo-
sures of adult Tri-Cities residents to lodine-131 while at home
and at work. Because exposures from these two sources cannot
be separated, the use of these data is limited. However, workers
spent about three-fourths of their time off work, and therefore
off the Hanford Site. They were therefore exposed to the same
amounts of lodine-131 during non-working hours as were
Tri-Clties residents who did not work at Hanford. Some of the
workers also drank the same milk as Tri-Cities residents.

4.7 "
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Offsite Data

Information from off the Hanford Site used as input for Phase |
dose estimation includes meteorological, demographic, agricul-
tural, milk production, and milk distribution data: details
concerning dairy cow feeding practices; and lifestyle and food
consumption information.

In addition to onsite meteorological data, meteorological data
available from National Weather Service (Weather Bureau)
stations in eastern Washington, northeastern Cregon, and
northwestern Idaho were used in estimating the iodine-131
concentrations In the 10 counties around the Hanford Site.
Computerized data for the period 1944-1947 were not available
from these stations in time to be included in the Phase I calcula-
tions. However, data were available for more recent years. As a
result, the Phase [ calculations were based on data from 1983
through 1987. Preliminary comparisons of the two data sets
indicate that they are similar.
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FIGURE 4.7. Meteorolegical Station Locations, 1944-1947
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FIGURE 4.8. Meteorological Station Locations, 1983-1987

The 5-year period from 1983 through 1987 was selected because
computerized data were readily available from the National
Weather Service stations and from the stations in the Hanford
Telemetry System. Thus, even though 1983-1987 meteorological
data were used instead of 1944-1947 data, this approach pro-
vided some benefits. The 1983-1987 data had better definition of
radionuclide concentration patterns because the data came from
more meteorological stations,

Inn the Phase I calculations, attmospheric concentration patterns
were computed for each month during the 5-year period using
wind and atmospheric stability data observed at 3-hour inter-
vals. For dose estimation, typical patterns were computed for
each calendar month from the individual patterms. The accuracy
of the estimates was checked by comparing them with monitor-
ing data. Initial comparisons of estimated amounts of odine-131
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in sagebrush with amounts measured in sagebrush in 1945-
1946 indicate that the Phase I calculations provide reasonable
estimates of the actual concentrations in the 1944-1947 time
period. Phase II will fully evaluate the effect of using data from
the 1983-1987 period on the dose estimates. Differences in data
available for the two periods will also be investigated.

Reconatructing the Population )

Information about the populaton is needed’ to estimate dnses from past operatlons at Hanford. Scientists
needed to know the number-of peopie. their locations at different ime perfods, their ages, and whether they
lived tn urban or rural areas. This kind of information s available from the U.S. Census, but census informa-
tfon is only collected every 10'years. Population characteristics changed very rapidly around Hanford, particu-
larly during the late 19403 when 50,000 to 60,000 people came to the area to help construct and operate the
facilities. Scientists working on the project were able to make good estimates of the population characteristics
using information such as birth and death records, school enrollment figures, automobile registrations, and
employment records from Hanford. This information was used with 1940 and 1950 census data to describe the
population near Hanford during the times of largest releases of fodine-131.

Knowing where people lived, how many there were, and their
ages and sexes is critical for estimating doseés to populations.
Considerable effort went into estimating these values because of
the rapid changes that characterized the war and postwar period
around Hanford. Typical census data provided estimates for
1940 and 1950, but provided little information about the rapid
changes that occurred In Richland, for example, where the

population rose from a few hundred to more than 20,000 by
1947 (Figure 4.9).

Reconstructing the Milk System

To estimate the radiation doses people could have received from Hanford radiation, scientists needed to recon-
struct the milk production and distribution systemn near the Haniord Site in the late 1940s, Information was
needed on where the milk was produced, where milk sold in stores came from, and where the feed was grown
that was eaten by the cows that produced the milk. Very few records remain from the dairy tndustry during this
time. Project scientists interviewed dairy farmers, employees of dalries operating during this time, agricultural
extension agents, and dairy industry specialists from universities. Putting together information {rom ail these
sources, the dairy system from the 19403 was reconatructed,

Milk in the Tri-Cities came from as near as the Pasco/Kennewick
area and as far as the predominately upwind Yakima Valley. As
a consequence, radiation doses to Tri-Cities residents from
drinking milk vary considerably, as will he shown in the follow-
ing sections. Dose estimates depend greatly on kmowing where
dairy cows grazed, where cow feed originated, when cows were
put on pasture, how much and what type of supplementary feed
was provided, where milk was pooled and processed, and where
it was distributed. A significant effort by the HEDR Project, and,
incidentally, a contribution to understanding regional history,
was reconstructing the dairy industry in and near the 10-county
Phase I study area. Milk production and distribution information
was gathered through the use of U.S. Census of Agricuiture
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data, Washington State Dairy Products Commission Statistics,
interviews with retired dairy industry employees, and informa-
tion from dairy industry experts.
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FIGURE 4.9. Number of Richland Area Residents Over Time
{Beck et al. 1880)

Once estimates of iodine concentrations in foods have been
calculated, the major remaining determinant is knowing what
and how much of varfous foods people ate. National and regional
statistics on food consumption were used in the Phase I effort
for the general population. The possibility of obtaining more
specific information, such as by interviewing residents, was
considered but not attempted in Phase L It is unlikely that
asking people to recall what and how much they and their
children ate 40 to 45 years ago would provide reliable data.
However, a decision about whether to conduct such interviews
will be made in later phases of the project.

4.3 Qutput Information

Two types of key output information from the Phase I model are
1) concentrations of iodine-131 in air, on vegetatton (sagebrush
or pasture grass) and agricultural products, and in milk; and 2)
estimated radiation doses to the thyroid from exposure to this
lodine. Patterns of jodine-131 In the air and on vegetation are
depicted in Figures 4.10 and 4.11. Examples are provided for
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-,

winter and summer conditions to illustrate how wind direction
and other meteorological conditions vary with time of year and
therefore result in different concentration patterns. The summer
concentrations of iodine-131 in vegetation provide an indicator
of iodine-131 concentrations in pasture grass. Iodine-131 con-
centrations in pasture grass are used for calculating doses from
the milk pathway.

Oragon

Kittitas
Yakima
Klickitat
High Z224
v
Za
Low[ ] $5006024.4

FIGURE 4.10. Patterns of lodine-131 in Air and on Vegetation,
Winter 1945
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parisons help Indicate How well'the ¢omputer: mode]s,at‘lmte ra.d[onuclicie amounts and' huwrv:presentaﬁve ‘
the- past sampling wasa of larger. unsamplcd"' reas:,

As mentioned, amounts of lodine-131 on vegetation were
calculated on the basis of HEDR Project-calculated estimates

of fodine-131 released and on meteorological data from the
period 1983-1987. Radionuclide concentrations in vegetation
were also measured at some offsite locations from 1945 to 1947
and provide a check on how well the HEDR model reconstructs
these concenirations. A comparison of measured and caiculated
amounts for Richland and Pasco is llustrated in Figure 4.12.
This comparison shows that the HEDR model generates
amounts of iodine-131 on vegetation that are similar to
measured concentrations in the downwind areas with

highest historical offsite concentrations.

The final output of the HEDR Project Phase | model consists

of dose distributions for hundreds of categories of “reference
individuals” that differ by location, age, lifestyle, and milk
supply. These distributions are available for each of 36 months
beginning with January 1945 and ending with December 1947,
These distributions have been combined into 13 sets for this
summaty report, as shown in Section 4.4,
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FIGURE 4.12. Comparison of Calculated and Measured
Concentrations of Todine-131 on Sagebrush, 1945-1846
(median values)

4.4 Preliminary Dose Estimates from the
Air Exposure Pathway

The factors that had the most effect ont the dose estimates are
described in this section. The preliminary dose estimates are
provided. A guide is also included to help residents of the
10-county area from 1844-1947 to estimate a range of doses
that people most like them could have received.

Overview

The final output information of the Phase I model consists of
estimated dose distributions for populations and for reference
individuals. Dose distributions vary greatly depending on path-
way, geographic location, season, dairy cow feeding practices,

4.15
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-

age, and lifestyle. The milk pathway is ‘ixn-portant because
lodine-131 concentrates in mitk produced by cows that graze
on contaminated pasture.

For people who drank milk, one of the most fmportant determi-
nants of dose was where the mitk was produced. Downwind
areas had the highest concentrations of iodine-131 on vegetation
during a typical surmmmer month, “These are also the areas where
milk concentrations would have been highest in milk produced
by cows on fresh pasture, Some downwind residents, such as
those in Richland, drank milk produced in upwind areas and
therefore would have lower doses than their neighbors who
drank milk produced locally.

Seasons were the next most important factor that influenced
doses to milk drinkers. Dairy cows that were grazed on fresh
pasture produced milk with the highest concentrations of ledine-
131; consequently, highest doses would be expected during the
grazing season. Cows that ate alfalfa, hay, green chop, or other
feed that was not fresh would have been exposed to much lower
levels of lodine-131 because of the relatively rapid decay of
fodine-131 during storage. For example, neighbors who had
family cows and who drank the same amount of milk and were
the same age could nevertheless have had considerably different
radiation exposures because of differences in what the cows ate.

Finally, age was a major influence on doses. If an adult and an
infant drank equal amnounts of milk containing the same amount
of todine-131, the infant’s dose to the thyroid would be about 10
times as high as the adult’s. Differenices in the size of infant and
adult thyroid glands is the principal reason for this difference.

RadiationDose -

Whien radiatiort enters a person 5 body. that person receiv&s a racllatton dose Several différent terms have been.
developed to describe these radiation doses. The rdel expresses the amount of energy deposited by radiation in
the body. The rad Is the most basic unit of radiation dose, but its-use i3 limited because différent types of
radfation have different effects on:the cells (n the body: The rem i3 a unit of radiation dose that takes these
differences into account. It puts different types-of radiation on an equivalent basts i terms of thelr potential.
impact onr human cells. A third measure of dose, tHie effective dase equivalént (remj [EDE (rémj['is used to-
aecount for the fdet that'a remy of radfation dose tg one part of the body does:not have the same potential health
impact as a rer.of dose to antother part. THe EDE (rem] puts different types of radiation doses on arr equivalent
basis in terms of the potentia! health r!sk. . , .
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Prelimtinary Dose Estimates From the Air Exposure Pathway

Dose distributions were combined from hundreds of individuat
categories representing people who had certain factors or char-
acteristics in common. To give people an overview of the results
in this summary, these separate distributions have been com-
bined Into categories that are distinguished by the following
factors:;

e drank/did not drink mitk

¢ lived downwind/upwind (Figure 4.13)

+ obtained milk from downwind/upwind

* obtained milk from commercial source/family cow
» obtained millt produced by cows on pasture/feed
s was infant/adult duning 1944-1947.

The complete results of Phase I calculations are provided in the
draft technical report on the air pathway. Individuals who lived
in the Phase I area during 1944-1947 can get an estimate of the
range of dose estimates (from the milk pathway) that the prelimi-
nary Phase I results Indicate might apply to them and how likely
these doses were by “walking” through Figure 4.14 and then
tnoving to Figure 4,15, For example, If a person lived In the
Phase I area in 1945-1947, dranik milk, obtained milk/lived
upwind, obtained the milk from a commercial source, and was
an adult at the time, then his or her estimated dose is likely to
be in the range identified by nmumber 2 in Figure 4.14. Figure
4.15 shows that Category 2 ranges from a dose of about 0.0003
to about 8 rad to the thyroid, that the median (middle) vaiue is
at 1 rad, and that about 40% of the Phase I population were
likely to have received doses from the milk exposure pathway in
that range.

Category 13 in Figure 4.15 shows that infants who drank milk
from a family cow that was on pasture downwind had the high-
est doses. In contrast, Category 4 shows that an adult who
drank milk from a family cow upwind and not on pasture had
the lowest doses. The ranges account for 20% of the people in
each category. Upper and lower values are not included because
they are too uncertain. Details concerning the upper and lower
values of each of the categories calculated for Phase I are
included in the Draft Air Pathway Report. The entire range of
dose estimates for the millk pathway Is shown in Figures 4.15,
4.17, 4.19, and 4.20.

4.17
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FIGURE 4.13. Milk Producers and Processing Plants Located to
Date in the Phase [ Study Area, 1944-1950 (shaded = downwind)
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FIGURE 4.14. Guide to Establish Dose Category for People Who

Lived in the 10 Counties Closest to Hanford from 1944 to 1947
(see Figure 4.15 for estimated dose ranges)

The distribution of preliminary dose estimates for the milk
exposure pathway for the entire Phase I population is shown in
Figure 4.16a, b, and c. Figure 4.16a shows the entire range of
estimated doses. For example, say a person wants to know what
percent of the Phase 1 study population received an estimated
dose greater than 1 rad. He or she would move vertically from 1
rad until intersecting the curving line, then move horizontally to
the left until the line intersects the “percent” line (the vertical
axis). The point where the intersection occurs is 65, which
means 65% of the Phase I study population could have received
& dose greater than 1 rad to the thyroid from the milk exposure
pathway. Figure 4.16b shows that about 16% of the population
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could have received a dose of greater than about 10 rad to the
thyroid. Figure 4.16¢ shows that between 1.5 and 2% of the
popuiation could have received doses greater than 100 rad to
the thyroid. (Doses from drinking goat milk, which could have
had higher concentrations of iodine-131 than cow milk, will be

estimated during later phases.)

Approximate

Dase to the Thyroid (rad) N;?ot;:el; ?‘:

0.0001 0.001 001 0. 1 10 180 1000 Catogory
1

Calegory

The varticat lines in the bars are the mediana, The median Is the

dividing point showing where half the peopla In that category
received a larger dosa than the median dose and haif the people

raceived a smaller dose.

x%

x% = Percent of peopla in the Phase [ study area whe could have
received this range of doses (milk exposure pathway)
’ S9006024 62

FIGURE 4.15. Ranges of Preliminary Thyroid Dose Estimates,
by Category, for 1944-1947 Residents (Ranges cover 90% of the
individuals in each category. Upper and lower 5% in each
category are shown in the Draft Air Pathway Report.)
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Doses from the milk exposure pathway were highest in 1945 and
lower by about seven times in 1946, Doses in 1947 were about
20 times lower than doses in 1945 {Figure 4.17}, These de-
creases directly reflect decreases in estimated amounts of io-
dine-131 released from Hanford operations during this time
period.

In summary, the greatest contributor to the air pathway doses
for infants is ingestion of milk; ingestion of locally grown vege-
tables is second, then inhalation, and finally immersion and
external radiation from surfaces contaminated with iodine-131
(Figure 4.18). In the case of adults who ate large quantities of
locally grown leafy vegetables and drank locally produced milk,
the doses from vegetables could be about the same as doses
from consumption of contaminated milk. The milk pathway is
more important for infants than adults because infants typically
consume less vegetables than aduits do.

It is important to recognize that radiation doses from the sepa-
rate exposure pathways shown here cannot be added together to
equal the total amount of radiation received by the entire Phase I
population. This is because information about where people got
their vegetables, fruits, and grain was not available for Phase L
When developing the model input information on potentially
contaminated foods, scientists specified that the foods were
locally grown. This assumption makes some of the dose esti-
mates from eating these foods come out artificiaily high.

Scientists know that many people probably did not eat locally
grown foods, especially in downwind areas that lacked irrigation.
Many foods were grown in areas where wind did not deposit as
much radioactive material, then shipped to other areas. In later
phases of the project, information about where foods were grown
will be reconstructed. Many of the final dose estimates from
exposure to contaminated food could be lower than the esti-
mates shown here.

Again, it is critical to recall that Phase I dose estimates are
preliminary and are likely to change. Average values might
decrease or increase, and the variation, or uncertainty, in the
estimates will likely decrease during later phases. Nevertheless,
the preliminary distributions provide information about the
relative importarnice of factors such as milk consumption, age,
and location that result in higher or lower doses.
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FIGURE 4.18. Comparison of Dose Estimates for Different
Pathways of Exposure {city of Walla Walla, infant
commercial mitk and eating local fruits and vegetables)

4.5 Comparison of Dose Estimates With
Background Radiation

One way of helping answer the question, “What do these dose
estimates mean to me?” is to compare them with amounts of
radiation to which we are typically exposed, called background
radiation. Background radiation includes natural radiation,
such as the sun, and manmade sources, such as from medical
exposure and consumer products,

Background Radiation

' Raidi.a.iu'oil:-r;"is‘a- : tural part of our environment. Radioactive materfals Fom fééﬁhﬁs ehist are preseiit in: the:;
", air; . tHe soil; and the water. They. move thirough: the: féod chain-and; are present!imr small amounts. in the human
. ‘Body: Radiation from outer space bombards. the‘earth continuously. These'two sources make up swhat 15 called

* natural radfations’ Everyone s’ exposed; to'natural radtation: THé amount people-are exposed to depends-orx.
where they live, People:livingat higher elevations recefvé more‘radfation from-outer space Because léss of the:
radiatfonr is absorbed by the atmosphererat igher aititudes:. One of the most significant sources of natural. ~
! radidtion s radon, which is:a gas emitted’ fFomuraritiin in- the sofl;, Sail it some parts of the country hag as: '
. much as'a hundred Himes more radon than-soil'in other-areas.. . g e e e C e
Background radfatiorr also includes. manmade radiation, such'as that used i medcal diagnosis and tréatment.
Dental X-rays are one commmon form of fanmade radtation.” . _ . S
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According to a publication of the National Council on Radiation
Protection and Measursments (NCRP 1987), the average person
in the United States is exposed to about 0.36 EDE (rem) a year,
maost of which is due to naturally occurring radicactivity, or to
about 25 EDE {rem) during an average lifetime.

. Dom Rate

‘ Doae raté expresses how: a.radiation: dose is'accimulated over time. The-efféct of radiatiosi or: the body. is-very‘ L
. dependent on:the rate at whicl a-dose/is received. If.the body receives a large dose of radiation: over'a small.,
'perfod of Hme such as miauies or hours, ra_d._ialion sickness could result; However, the same-dose: recefved. over

_a long period: of time;. stich: as 10 or 20 yedrs; milght result in no health efféets; or at moat, a smallincrease fn. .
:,the chance the exposed ind_ividual might eonhract cance:r

These amounts of non-Hanford radiation sgurces are compared -
with amounts of radiation people could have received from the .
milk exposure pathway from Hanford from 1944- 1947 are
shown in Figure 4. 19. The risk from radiation at any particular
time {n a person’s life depends on the arnount of radiation
received up to that point. For example, if a person received an
average background dose of 0.36 rem a year from birth, then at
age 10, the total (or cumulative) dose would be 3.6 rem. This is
the amount that would be used to estimate risk. About 5% of
the doses are estimated to be higher than the annual, national,
average background amounts added over 3 years. (This is simi-
lar to adding together the dose from the Phase I time peried of

3 years, 1944-1947)) If a person cnly lived in the Phase I study
area from 1945-1947, the dose from Hanford today would still
be the amount received from 1945-1947. However, that person
would have received about 42 years of background radiation,
which, for the average value, would have added to about 15 rem.
About 1% of the doses might have been greater than an average,
national, lifetime dose from background radiation.

4.6 Checking the Dose Estimation Model

One way of testing the computer model that makes dose esti-
mates is to compare its resulis with separate, independent
information, If the computer model was designed accurately, iis .
results should be in the same range as cther, similar informa-
tion not calculated by the computer. The independent informa-
tion used for the comparison included other estimates and
actual measurements of radionuclides i1 the environment and
in people. For the air pathway, this independent information
included

» measurements of radiation in vegetation

4.25
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* preliminary, limited dose estimates issued in 1986 by the
Washington State Department of Social and Health Services

* measurements of certain radionuclides in the thyroid
glands of Hanford workers.

Preliminary results of the HEDR Project were consistent with the
numbers contained in the independent information. The result
of this comparison indicated that the computer model was
working as intended.
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FIGURE 4.18. HEDR Dose Estimates {milk exposure pathway)
Compared with Background Radtation

Independent Preliminary Dose Estimates

In 1986, the Washington State Department of Social and

Health Services issued a preliminary dose estimate to the public
from Hanford radiation (Washington State Office of Radiation
Protection 1986). This preliminary estimate was based on his-
torical measurements of iodine-131 on sagebrush and used a
modified model for a maximally exposed individual (U.S. Nuclear
Regulatory Commission 1977). The Washington State and
HEDR Project dose estimates are compared in Figure 4.20.
About 0.004% of the population in the Phase I study area might
have received doses to the thyroid greater than a previously
published dose estimate by the Washington State Department
of Social and Health Services (DSHS). The DSHS estimate was

a thyroid dose of 2,530 rem to a maximally exposed Infant in
Pasco, 1945-1947,




Air Exposure Pathway

_ Rem. as used by the DSHS f'or Its thyroid dose esﬁmate 18 ‘abot: equivalent to'rad’ as used in. this repo"; ; Tb.is L
ise of remy should not be conmsed with EDE (rem) used. elsewhere In tb.is report'
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FIGURE 4.20. HEDR Dose Estimates Comnpared with
Washington State Dose Estimate (Pasco infant, 1945-1947)

Thyroid Counts

From the time Hanford operations began, workers in1 areas likely
to experience relatively higher air concentrations of iodine-131
had their thyroids checked with a portable radiation detector.
The thyroid checks were used as a way to detect potentially high
doses, not to obtain highly accurate measurements. The intent
was to detect levels above some arbitrary threshold, which was
about 10% of the adopted guidelines,

Records of more than 7,900 measurements of thyroids taken
from 1944 to 1946 were examined (Ikenberry 1990). More than
one-third of the measurements did not register above back-
ground radiation levels because of a combination of relatively
high background levels, relatively insensitive instrumentation,
and low amounts of iodine-131 in the thyreid glands of the
workers monitored.

The distribution of dose estimates based on the thyroid counts
are compared with estimates of inhalation doses calculated by
the HEDR Project for adults living in Richland from November
1945 through February 1946. As is evident in Figure 4.21,
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doses based on the thyroid checks are similar to the median
(middlej values calculated by the HEDR Project for December
1945, but somewhat higher earlier and later. The higher worker
thyroid counts probably reflect exposure to higher concentra-
tions of radionuclides while at work and to pathways other than
just inhalation,

$3006024.92
0.18

0.16

0.14 Worker Thyreid

Counts
0.12 |

0.10 |-

0.08 i

Dosa to the Thyriod (rad)

HEDR Dose
Estimates

Nov PRec Jan Feb
1945 1945 1946 1946

FIGURE 4.21. HEDR Dose Estimates (Richland adults,
inhalation exposure pathway, median values) Compared with
Measurements of Radiation In Thyroid Glands of Hanford
Workers (median values)

Moasuring Radioactivity in the Thyrotd Gland

. lodine-131 concentrates i the thyroid gland;. 4 small organ tn-the neck below the Adanmr's-apple. The thyroid’ =
. gland regulates metabolism: In the-late 1940s; the thyrold glands of Hanford workers were checkied to deters" " ..
_ miné€ whether they had been exposed to {odine 131" on the job: A portable Gefger cousiter was used to measure:”
' gamma. radiation ermitted from any radioactive fodine present i the thyroid gland: The deétector was placed” =~
- lightly agatiist a worker's neck nearthe thyroid. Becausethe thyroidis two-lobed; like a butterfly shape; one’ |
» checlewas done on the'right side-and'one’on the left. Radlation measurements fronr botlt sides were recorded.. | .
. Today; medical'personnel examine the thyroid gland for disease by feeling the thyroid to check its size and. S
. shape, by doing blood or other laboratory tests; or by taking scans fo'see the actual gland.. : S
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" éxposure of medical workers to radiatiors. Early Hanfotd guidelines: allawed worker sxposures at most’ to be-on
. haif of the lévels réecommended by the medical comrmuuty As experience in‘moriitdring releases; in monitonngi;. :
. the environmcnt. and fn'monitoring: personne.l was: gained’ and as monitoring: technology impraved. allowable: -
. exposures were Iowered' for more protectior of people: Iir the 19503. national- regulatory standards were

4.7 Historical Regulatory Standards

Some readers may be interested in what guidelines were used to
control radiation exposures in 1944-1847. Hanford Site officials
adopted guidelines recormmended by the medical profession for
exposure of medical employees and reduced the allowable

exposures for Hanford employees to half of those guidelines
(Wilson 1987).

Exposures to iodine-131 were based on amounts that couid be
inhaled during a 24-hour period. The guideline translates
roughly to about 1 rad to the thyroid per day. (There was also a
guideline for vegetation in efforts to protect sheep and cattle that
might graze on contaminated forage.) The guideline was not
based on doses that might result to offsite populations from
drinking contaminated milk because that pathway was not
recognized as being the critical pathway until the mid-1950s
(Comar et al. 1957; Parker 1956).
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Columbia River Pathway

5.0 Columbia River Exposure
Pathway

Phase I consists of two parts: 1) reconstructing potential radia-
tion doses from the release of radicactive materials into the
atmosphere, and 2) reconstructing potential doses from the
release of radioactive materials to the Columbia River and to
soils on the Hanford Site. This chapter covers the exposure
pathway of the Columbia River, which includes the pathways of
radionuclides in soil and ground water.

5.1 Approach

Radiation dose estimates that the public may have received from
Hanford radiation have been made and published in annual
reports since 1957, Therefore, the reader may wonder why doses
were re-estirnated for the 1964-1966 time period, rather than
just using the published ones. New estimates were made
because the published estimates give only cne possible amount
of radiation received for an “average” individual and one value
for a “hypothetical” person exposed to the maximum possible
radiation by that person's lifestyle {for exampie, the person ate
the largest possible amount of fish from the river, drank the
largest possible amount of water from the river, and so on.) In
contrast, the HEDR dose estimates provide a range of possible
doses depending on the way people could have been exposed.

The existing published estimates were compared with the HEDR
Project estimates to check the validity of the part of the com-
puter model that estimates radiation doses from exposure to the
river pathway.

Area

The Phase I study area for the river pathway was selected to
inclhude the communities immediately downstream of the Han-
ford Site and therefore most likely to have received the highest
doses from drinking treated Columbia River water or from eating
fish caught in this area (Figure 5.1). Areas open to fishing and
recreation, municipal withdrawals of river water, and monitoring
locations are shown in Figures 5.2 through 5.5.

The area between Priest Rapids Dam and McNary Dam was also
selected because up to 80% of the people who drank treated
Columbia River water between Hanford and the river mouth
lived along this stretch of the river during the Phase I time
period of 1964-19686,

5.1
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5%006024.6
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FIGURE 5.1. Phase I Area for Estimation of Doses from
Exposure to Columbia River Water or Fish
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v State Game Dept. Accass Points
' == Fishing Areas

FIGURE 5.2, Fishing, 1964-1966

Time Period

The Phase I time period of 1964-1966 for water exposure was
selected for several reasons. Richland is the community closest
to Hanford and most likely to have received the highest doses
from drinking treated Columbia River water. Richland did not
used Columbia River water until 1964. Doses for Pasco and
Kennewick residents, who used Columbia River water, were
known to be lower because

+ Pasco and Kennewick are farther downstream than Rich-
land, giving short-lved radionuclides more time to decay

¢ Pasco and Kennewick are downstream of the confluence of
the Yakima River, resulting in greater dilution of radionu-
clides

» Kennewick residents obtained water from river shore wells,
which helped filter some radicactive materials from the
water before it reached the treatment plant.
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The Phase I time period was also selected because

+ extensive monitoring data were available (Foster and Wilson
1965; Foster, Soldat and Essig 1966; Foster, Moore and
Essig 1966; Honstead and Essig 1867; and Honstead, Essig
and Soldat 1967)

¢ continuous sampling (cumulative samplers) began in 1964
and provided better estimates of concentrations of longer-
lived radionuclides

* ail reactors were still in operation in 1964 and were at the
highest historical power levels (Figure 5.6}

* data from independent sources such as the state of Oregon
and the U.8. Geological Survey are available {Toombs and
Cultor 1968; Nelson et al. 19686).
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Finally, the early years of operation {1944-1947, the Phase I air
pathway period) were not selected for the Phase I demonstra-
tion/feasibility study because only two to three reactors were
operating then and because the total power of the reactors was
less than one-twentieth of the levels in the peak years from 1960
through 1964. Radioactive discharges into the Columbia River
were related to these power levels (Honstead, Essig, and Soldat
1967).
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was stored for 2 weeks. b-efore it was, eaten; it would have contained. half'as much phosphorus-32'as.when. it
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Radionuclides

The original eight reactors were cooled with treated river water
that passed through the reactors and was discharged into the
river. Some of the naturally present chemical elements in the
cooling water, as well as chemicals added in the treatment
process, became radioactive and were discharged. Scale and
other materials also built up in the cooling system, became
radioactive, and were sloughed off and discharged into holding
basins and then into the river. This built-up material also
affected the flow of water through the reactors and was therefore
periodically removed with a scouring material. These “purges”
resuited in increases in radioactive releases during the scouring
and then decreases until material built back up in the cooling
system. Radionuclides were also released to the river when fuel
elements accidentally ruptured. The downstream monitoring
systems accounted for all three sources of radionuclides: 1)
routine releases from the coolng system, 2) periodic releases
from purging, and 3) accidental releases from fuel failures.

The N Reactor was designed with a secondary cooling system so
that the river water would not pass through a radiation field;
consequently, naturally present chemical elements in the cooling
water would not become radioactive.

As in the case of the air pathway, not all radionuclides dis-
charged from the reactors in cooling water contributed signifi-
cantly to dose. The dose received from the radionuclides
depends on many factors, including whether they were con-
sumed via drinking water or fish, or whether they contributed to
exposures while people were swimming, boating, or engaging in
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other recreational activities along the river bank (Napier 1990).
The dominant radionuclides considered for the river pathway
are

¢ arsenic-76

¢ chromium-5]

¢ copper-64 -
* manganese-56
¢ neptunium-239
+ phosphorus-32
* sodium-24

* zinc-65,

Exposure Pathways

Figure 5.7 shows ways people could have been exposed to
radionuclides released into soil or the Columbia River. Soil,
ground water, and Columbia River water are discussed in this
section.

Liquid Release
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- %‘“'."’* Boating, and Othar
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Drinking
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FIGURE 5.7. Potential Radiation Exposure Pathways from
Radionuclides in the Columbia River
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Soil and Ground Water - From the time Hanford facilities first
began operating, highly radioactive liquids were routed to under-
ground storage tanks, and less radicactive liquids were dis-
charged directly to ponds, ditches, and engineered structures
called cribs, Some of the radioactive liquids moved through the
soils into ground water. Some, such as tritium, traveled in the
ground water to be discharged into the Columzbia River. These
radioactive liquids contributed very little to the much larger
amounts of radioactive liquids that were routinely discharged
into the Columbia River as part of the cooling water from the
original reactors. In any case, because Phase I dose calculations
for the Columbia River pathway are based on environmental
monitoring data, radionuclides that might have entered the -
Columbia River from ground water in detectable amounts are
included in the Phase I dose calculations,

ster‘all’over the. earth This underground water s called ground water

‘ Wells tap into: these'underground: reservoirs to-withdraw water for hmmans: Ground water reservoirs are-
- connected to rivers-and’ lakes. Water above ground can also réach ground water by slowiy seeping thruugh
‘ so{l which couId ca.rry conta.mination Erom the surface to the ground water..

Columbia River Water - Drinking water exposed more people in
the Phase I study area to radiation than did eating fish, but
people who ate large quantities of eertain kinds of fish from the
Columbia River would have had higher doses. Some species,
such as salmon and steelhead trout that are caught as they
migrate upstream from the ocean to spawn, typically contained
lower concentrations of radionuclides than did non-migratory
fish. Other activities, such as swimming, boating, or walking
along the river shore, resulted in exposures that were, on the
average, considerably lower than exposures from drinking water
and eating fish. Smalil exposures could also result from irrigating
crops with water from the Columbia River, This pathway was not
included in Phase I work, but will be considered later in the
project.

5.2 Input Information

The primary input information for the river pathway dose calcu-
lations is monitoring data and information about the locations of
populations using treated river water for drinking.

Monitoring data are available from several steps in the path from
releases to the Columbia River to concentrations of radionu-
clides in people {(Figure 5.8). Measurements of discharges from
each reactor were taken daily in 1964-1966. Weekly measure-
ments (continuous during the week and one-time) were taken of
river water at several locations. Drinking water was sampled at
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Richland, Pasco, and to a lesser extent, Kennewick. Several
kinds of fish were sampled, especially whitefish, which could be
caught year round and had among the higher concentrations of
important radionuclides, such as phosphorous-32. Measure-
ments were also made of external radiation along the river bank
from sediments containing radionuclides.

Where available data were limited in space or in time, measure-
ments of releases from the reactors were used along with infor-
mation about dilution in the river to calculate river concentra-
tons used as input to the Phase I dose calculations.
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FIGURE 5.8, Where Waterborne Radionuélides Are Monitored

5.3 Output Information

Recall that output information for the air exposure pathway
consisted of iodine-131 concentrations in the environment and
dose estimates. In contrast, the river pathway calculations used
measured concentrations of several different radionuclides as
Input information and produced only dose estimates as output.
A second difference between the air and river pathway calcula-
tions is the parts of the body irradiated by the radionuclides that
were inhaled or ingested. Several radionuclides were studied for
the river exposure pathway, and each has one or more areas of
accumulation in the body.
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A difficulty arises if we want to compare doses from the various
river exposure pathways. The same doses to different organs can
result in different risks of health effects. The concept of measur-
ing radiation in Effective Dose Equivalent (EDE) (remj is used to
overcome this difficulty. The EDE puts different types of radia-
tion doses on an equivalent basis in terms of potential hezgith
risk. Organ doses are given different degrees of importance
depending on their relative risks. In this way, pathways can be
compared in termas of their reiative importance. For example,
doses from eating fish can be higher than those from drinking
water for individuals who ate large quantities of contaminated
fish.

5.4 Preliminary Dose Estimates from the
Columbia River Exposure Pathway

Doses were estimated for individuals who represented peopie
with certain shared characteristics, These distributions were
then combined into the following categories:

* ate/did not eat Columbia River fish
* ate/did not eat more than 20 fish meals per year

+ fished upstream of Richland and downstream of the reac-
tors/downstream of Richland

» lived/did not live in the Tri-Cities (drank untrested river
water)

¢ lived in Richland, Pasco, or Kennewick.

Individuals who lived along the Columbia River and/or fished in
the river in the Phase I area (that was previously shown in
Figure 5.1) during 1964-1966 can estimate the range of dose
values that might apply to people most like them, and how likely
these doses were. This is done by first “walking” through Fig-
ure 5.9 and then moving to Figure 5.10. For example, if a person
ate less than 20 meals of Columbia River fish per year, fished
upstream of Richland and downstream of the reactors, and lived
in Richland during 1964-1866, his or her estimated dose is
likely to be in the range identified by number 12 in Figure 5.10.
Catggory 12 ranges from about 0.04 to about 0.07 EDE (rem).

Prelimminary estimates of doses for Richland, Kennewick, and
Pasco residents from drinking water are depicted in Figure 5.11.
Doses from drinking water are lower at Pasco than Richland,
and lower in Kennewick than Pasco,

The most important river pathway was consumption of fish,
especially resident fish, in areas above Richland where fish
consumed the highest levels of radionuclides. The highest doses
would have been to individuals who drank untreated (raw) river
water near Richland and ate large amounts of fish caught
upstream of Richland (category number 17 in Figure 5.10).
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5.5 Comparison of Dose Estimates with Back-
ground Radiation

To help the reader interpret what the dose estimates mean to
them, the estimates can be compared with background radiation
from natural and manmade sources. As was explained in Sec-
tion 4.5, the average person in the United States is exposed fo
ahout 0.36 EDE (rem) a year, most of which is from naturaily oc-
curing radiation (NCRP 1987).

It is unlikely that any of the population lving in the Tri-Cities in
1964-1966 might have received doses added over each of the

3 years from the river pathway that were higher than the
amount of annual, average dose from background radiation
[0.36 EDE (remj}]. :

5.6 Checking the Dose Estimation Model

An Independent assessment of the degree to which the Phase I
river pathway dose estimates reflect actual doses that people
might have received was possible by comparing doses calculated
by HEDR with previously published dose estimates. Beginning in
1859, an instrument known as a whole-body counter was used
to measure the armmounts of certain radionuclides in peopie
working on the Hanford Site {Roesch, McCall, and Palmer 1960).
Measurements are also avatlable from schoolchildren in the Tri-
Cities who were measured during 1965-1968, These measure-
ments can also be used to check HEDR results.

Previousiy Published Dose Estimates

Dose estimates for offsite populations were first published in
annual monitoring reports in 1957 and have continued to be
published annually. In these reports, dose estimates were
calculated for “average” or “typical® individuals and for *hypo-
thetical maximum™ individuals and included contributions

from all exposure pathways. (Average, typical, and hypothetical
maximum individuals are defined in the published reports.)

The previously published estimates for 1964-1966 are compared
with HEDR Phase I preliminary dose estimates In Figure 5,12,
The previousiy published “average” or “typical” dose of a Rich-
land resident was within 20% of HEDR Project estimates, About
50% of the Richiand population was likely to have received river
pathway doses greater than an EDE of 0.035 rem.

Whole-Body Counts of Hanford Workers and of Schooichiidren

Ahout 4,700 records of whole-body counts of Hanford workers
are available for the period 1964 through 1966. About 5,000
records are avalilable for schoolchildren for the period 1965
through 1968 (Endres et al. 1972). These records contain data
on several radionuclides that could be readily detected with the
whole-body counter. Of particular interest to the HEDR Project
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was zinc-65 that had been absorbed by the body from drinking
treated Columbia River water, eating Columbia River fish, or
cating produce that had been irrigated with Columbia River
water downstream of the reactors.
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FIGURE 5.12, Previous Dose Estimates for 1964-1966 (average
values) Compared with HEDR Dose Estimates (median values)
(Richland adults, drinking water pathway) ‘

Dose estimates based on previously published, whole-body
measurements of zine-65 in Hanford workers are slightly lower
than the fraction of HEDR calculated doses attributable to zine-
65 (Figure 5.13). Previous whole-body measurements of school-
children are also slightly lower than HEDR-calculated body
burdens of zinc-65. These comparisons indicate that the HEDR
model appears to produce good representations of actual meas-
urements from the 1960s. -

3.7 Historical Regulatory Standards

Some readers may be interested in what standards were used

to control doses to the public from releases of radionuclides to
the Columbia River from 1964-1968. Previously published dose
estimates (whole body) were below the 1964-1966 standard of
0.5 rem, whole body (Foster and Wilson 1965; Foster, Soldat and
Essig 1966; Foster, Moore and Essig 1966; Honstead and Essig
1967; and Honstead, Essig and Soldat 1967). This historical
standard does not translate directly to today’s standard for DOE
facilities, which is 0.1 EDE (rem). However, few, if any, Richland
residents were likely to have received doses from the river path-
ways in 1964-1966 that were greater than today’s limuit.

518

i

FE
v

%}'

i

-



5.16

Phase I—HEDR Project—Draft Report

Average

Historical
Measurements

HEDR
Estimates

I ] I ] )
0 0001 0002 0.003 0.004 0.005

Effective Dose Equivalent (rem)

S5006024.87

FIGURE 5.13. Doses from Zinc-65 Measured by Whole-Body

Counter Compared with HEDR Dose Estimates for Richland
Residents, 1964-1966
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6.0 Comparison And Extrapolation of
Dose Estimates from the Air and
River Exposure Pathways

This chapter provides the reader with two more perspectives
from which to view the Phase I preliminary dose estimates. The
amounts of radiation received from the air exposure pathway are
compared with those fror the river exposure pathway. Then, the
Phase I estimates are discussed in terms of where they might fall
in the range of possible dose estimates fromn 1944 to today.

6.1 Comparison

Doses from the air pathway in 1944-1947 were generally higher
for the downwind population than were doses from the river
pathway from 1964-1966.

In terms of doses from the Columbia River pathway, some
individuals who ate large quantities of fresh, non-migratory fish
from upstream of Richland and downstream of the reactors
might have had among the highest doses. These highest Colum-
bia River pathway doses are less than 1% of the doses estimated
for infants who lived immediately downwind of Hanford and who
drank milk from cows fed on pasture during 1945,

6.2 Extrapolation of Preliminary Dose
Estimates to 1844-1990

As discussed, lodine-131 releases accounted for most of the
offsite population exposures from the air pathway in the early
years, and these exposures were greater than exposures that
resuited from later, episodic releases of iodine-131 or other
radionuclides such as ruthenium-103/106. Releases to the
Columbia River increased gradually from 1944 through the
early 1950s. As the number and power levels of the reactors
increased, releases to the river increased until they reached a
platean during the period 1959-1965. Between 1964 and 1972,
ail original reactors {designed to release contaminated cooling
water to river) were shut down,. so that only N Reactor was
operating.
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In summary, public exposures to atmoespheric releases of radionu-
clides from Hanford were highest in the early years of operations
and declined sharply except for stmall amounts released acciden-
tally after the early 1950s. Public exposures to releases of radi-
onuclides into the Columbia River increased steadily until the
late-1950s and reached a plateau in the mid-1960s.

Alr Pathway, 1948-1990

Preliminary dose estimates were made in Phase I for the period
1944-1947, based on the air pathway only, and only on iodine-
131. As discussed, lodine-131 is estimated to account for more
than 959% of the doses from all alrborne radionuclides during
the period 1844-1947, and lodine-131 releases during that time
accounted for more than 90% of ail lodine releases from the
Hanford Stite (Figure 6.1). It follows that doses from lodine-131
during the period 1944-1947 are itkely to account for up to 80%
or more of ail doses from any offsite release of radionuclides to
the atmosphere from Hanford for the peried 1944-1990.

Water Pathway, Other Times and Locations

Later phases will address dose estimates for periods other than
from 1964 to 1966 and for populations downstream of the Phase
I study area. Rough dose estimates for the drinking water path-
way can, however, be extrapolated to earlier and later periods
and to downstream locations.

Estimates of doses for the period 1957-1972, when the last of
the original eight production reactors was shut down, are avail-
able in published reports and provide a reasonable estimate of
doses to average and maximally exposed individuals in Richland.
Doses for the period 1944-1956 can be exirapolated from estimates
of power levels and from environmental measurements. As shown
previously in Figure 5.6, power levels were considerably lower
in the early years of operation when fewer reactors were oper-
ating, resulfing in much lower releases of radionuclides to the
Columbia River.

Extrapolations of dose estimates to the few downstreamn locations
where communities used treated Columbia River water for driniing
can be based on previously published measurements of radionu-
clide concenirations at Bonnevifle Dam or Vancouver, Washington.
In general, concentrations of radionuclides that accounted for
most of the drinking water dose at these dowmnstream locations
were about 10% of the concentrations at Richland.
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Glossary

8.0 Glossary

Note: These definiions are written to apply specifically to the
dose reconstruction project. The defined words may have slightly
different meanings when used in other scientific contexts.

Background radiation - Radioactivity in the environment and
from manmade sources. Natural radioactivity includes cosmic
rays from space and radiation that exists elsewhere—in the air,
in the earth, and in artificial materials that surround us. Man-
made radiation includes that from X-rays and other medical
procedures, In the United States, most people receive an Effec-
tive Dose Equivalent {rem) of about 0.36 of background radiation
per year.

Calculated data - In dose reconstruction, quantities, such as
the amount of a contaminant in the environment, that were
calculated rather than measured. For example, because exact
measurements of the amounts of vegetation cows ate in the
1940s are not available, scientists must calculate (estimate) the
amounts based on other information.

Centers for Disease Control - The component of the federal
Department of Health and Human Services based in Atlanta that
provides research and public information services regarding
human health issues. The Centers for Disease Control is work-
ing with the Fred Hutchinson Cancer Research Center to con-
duct the Hanford Thyroid Disease Study.

Code - A set of computer Instructions that directs a computer in
its operation.

Complementary cumulative distribution function (CCDF) - A
statistical graph that shows the probability that the true value of
something will be equal or greater than a specific value, The
dose estimates are shown as complementary cumulative distri-
bution fimections to tell people how likely they were to have
received more than a certain amount of radiation.

Decay, radioactive - How a radioactive nucleus, such as fo-
dine-131, loses its radioactivity by spontaneously changing into
a more stable nuclide, which may or may not be radioactive.

Declassification - A determination by an appropriate authority
in accordance with approved classification policy or guidance
that a classified document or material no longer contains classi-
fied information.

Demography - The study of the aspects of human populations,
such as size, growth, density, distribution, and vital statistics.
Demographic information—such as how many people lived
where, how old they were, and what they ate-~helps scientists
estimate the amounts of radiation people may have received.

Department of Energy - See “U.S. Department of Energy,”
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Deposition - When material in the air fails to the ground, For
example, some of the radicactive matertal emitted into the air
from Hanford facilities fell on vegetation or crops.

Diffusion - When a substance introduced to a natural system
spreads and diutes as it moves through the system. An example
is radioactive gases that are released into the air and carxied by
the wind through the environment.

Distribution - see “Complementary cumulative distribution
function.”

Dgose - See “Radiation dose.”

Downwind - In. dose reconstruction, the geographic areas where
the predominant winds carry radicactive materials from the
Hanford Site.

Downuwinder - people who live(d) in locations where predomi-
nant winds usually carried radioactive material.

Effective Dose Equivalent (EDE] (or EDE rem) - Ant estimate of
the total risk of potential health effects from radiation exposure,

Environmental transpart - How material moves through the
environment, For example, radioactive material can be carried
by the wind and fall cnto crops.

Epidemiology - The study of the occurfence. causes, and
severity of diseases in human populations.

Exposure pathway - The way people or animals come in con-
tact with radiation. An example of an exposure pathway is
radioactive lodine in the air depositing on pasture grass, which
dairy cows eat. The radioactive iodine then appears in the cows’
milk, which people drink, thereby exposing them to radioactive
lodine,

Fred Hutchinson Cancer Research Center - Independent
research organization and comprehensive cancer center in
Seattie that is conducting the Hanford Thyroid Disease Study
under the direction of the Centers for Disease Control,

Grid - A pattern of cross-hatched lines superimposed on the
geographical study area to specifically locate each place. The
grid is similar to the grid of a typical city street map. The grid is
used In the part of the computer model that simulates move-
ment of radleactive materials through the atmosphere.

Half life - The length of time in which any radicactive sub-
stances will lose one-half of its radioactivity, Each radionuclide
has a characteristic, constant half-life, which may vary from a
fraction of a second to thousands of years. For example,
iodine-131 has a half-life of 8 days. This means it will lose haif
its radioactivity In 8 days, half of the remainder in the next

8 days, half of what is left by 8 days later, and so on. After

7 half-lives, less than 1% of the original activity is left. For
iodine-131, 7 half-lives take about 56 days.
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Hanford Environmental Dose Reconstruction (HEDR) Project
- A study to estimate the radiation dose the public could have
received from nuclear operations at the Hanford Site since 1944,

Hanford Healith Effects Review Panel - A panel convened by
the Centers for Disease Control in 1986 at the request of the
state of Washington and the Indian tribes to review and evaluate
epidemiclogical data concerning possible health effects that may
have resulted from Hanford nuclear operations.

Hanford Site - The 560 square miles of federally owned land in
southeastern Washington that has been used since 1944 for
nuclear reactor operations, nuclear fuel processing, radioactive
waste management, environmental and energy research, and
related activities.

Hanford Thyroid Disease Study - An epidemiologic study
being conducted by the Fred Hutchinson Cancer Research
Center in Seattle in collaboration with the federal Centers for
Disease Control. The purpose of the study is to determine
whether the risk of developing thyroid disease is Increased
among persons exposed to radloactive lodine released fo the
atmosphere from the Hanford Nuclear Site between 1944 and
1957.

ITodine-131 - a radioactive isotope of lodine produced in gas
form in plutoniuin production reactors and released to the air as
a gas when fuel was dissolved to exiract the plutonium, In the
human body, lodine tends to concentrate in the thyroid gland.

Measured data - Data that can be directly measured. For
example, a person’s height and weight can be directly measured.
Measuring the kinds and arnounts of radioactivity in the Colum-
bia River help scientists estimate radiation doses.

MESOILT2 - A computer model that calculates the concentra-
tion of radioactive materials in the air for the large geographic
area being studied for dose reconstruction. The MESOILT2
model was developed specifically for the dose reconstruction
study. MESQILT?2 calculates transport and diffusion, based on
meteorological data from as many as 40 locations. It accounts
for variations in space and time in atmospheric conditions
between the point where contaminants are released and the
points where they are deposited in the environment or contrib-
ute to exposure.

Millirem - One-thousandth of a rem.

Model - A set of mathematical equations that represent physical
or chermical systems.

Nuclide - A species of atom having a certain number of protons
and neutrons and a characteristic energy content in the nu-
cleus. Some nuclides are radioactive (see “Radionuclide”).

8.3



8.4

Phass I—HEDR Project—Draft Report

Order of magnitude - A range of values between a nurmber and
a mumber 10 times as large. For example, 10 is an order of
magnitude larger than 1, and 100 is one order of magnitude
larger than 10 and two orders of magnitude larger than 1.

Pacific Northwest Laboratory (PNL] - The research and devel-
opment laboratory in Richland, Washingtorn, where scientists are
conducting the dose reconstruction project under the direction
of the Technical Steering Panel.

Parameters - Any one of a set of variables in a model whose
values determine the characteristics or behavior predicted by the
model.

Pathway - See “Exposure pathway.”

Population dose (population exposure) - The sum of the
individual radiation doses received by people in a certain popu-
lation group who were exposed to radiation.

Quality assurance - An integrated program of activities for
ensuring that technical results are valid, defensible, and repro-
ducible. Quality assurance Includes all aspects of project activi-
ties that affect the results produced, from the choice of methods,
to staff training, to data handling, and to reporting of results,

Rad - A measure of the amount of radiation energy absorbed by
an organ such as the thyroid gland.

Radiation - Energy traveling in the form of rays, such as
gamma rays, or as particles, such as beta-particles that are
produced in vartous nuclear or atomic reactions. Radiation can
come from humnan activity, such as the operation of the Hanford
facilities, or from nature such as radon gas or the sumn,

Radiation dose - Amount of radiation absorbed from the radia-
tion by whatever the radiation Is passing through.

Radicdctive decay - See “Decay, radloactive.”

Radionuclide - A radicactive element. There are several
hundred known radioactive nuclides, both produced by humans
and naturally occurring. Hanford's nuclear fzcilities released
radionuclides to the air and water,

Rem - The dose in “rad” multiplied by a scaling factor that
indicates the effectiveness of the particular radiation In doing
bivlogical damage. Equal “rem” doses imply equal biological
damage.

Sensitivity analysis - An analysis that estjmates the amount of
variation in a computer medel's output resulting from the
variation in the model's input. For example, scientists use
sensitivity analyses to determine which of the information that
goes into the model has the most significant effect on the result-
Ing dose estimates, That information will be made as accurate
and precise as possible so that the resulting dose estimates will
be as accurate as possible.
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Separations Plants - Chemical processing facilities where the
plutorinm and the fission products in trradiated nuclear fuel are
chemically separated.

Source term - The amount, type, and location of radioactive
materials released to the environment.

Technical Steering Panel - Independent, 18-member panel
that directs the dose reconstruction work, Panel members
include scientific experts, representatives of the states of Wash-
ington and Oregon, Native American tribal representatives, and
a public representative.

Thyroid - A smalil gland in the front of the human neck that
regulates metabolism. The thyroid gland absorbs iodine.

Transfer factor - The fraction of a radionuclide that is trans-
ferred in a certain amount of time from one “compartment” to
another in an environmental model. For example, the amount of
radioactivity on pasture grass (compartment one) that is eaten
(transferred to) by a cow {compartment two} each day (time).

Transport - See “Environmental transport.”

Unecertainty - The degree of confidence Inn data or a computer
model. A dose estimate cannot be 100% certain because it is an
estimate of something that happened in the past. Because
sclentists must estimate some of the information they use for
calcuiating doses, that uncertainty is reflected in the doses. That
is why doses are expressed in terms of a distribution of values
and their likelihood instead of a single specific dose value.

Upwind - In dose reconstruction, the geographic areas where
the wind only occastonally carries radioactive materials from the
Hanford Site. :

Validation - The process of confirming that the conceptual
model accurately represents processes that it is simulating, The
model is validated by comparing calculations with field observa-
tions and experimental measurements.

Verification - The process of confirming that the conceptual
model is numerically correct. The model may be verified by
comparing various computer codes or by comparing outputs of
numerical codes with analytical solutions.

Whole-body count - The measurement of the amount of radio-
activity contained in a person. A whole-body count is used to
determine whether a person has been exposed to an internal
deposition of radicactivity greater than the naturally occtoring
armount,
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Publication Publication

Title Author Rate No.

Hanford Environmental Dose Reconstruction Projact Monthly Haerar, HA Monthiy PNL-8450 HEDR

Report

Wark Plan for the Hanford Environmantal Dose Reconstruction Haarer, HA 1989 PNL-8626 HEDR

Project ’ REVA1

Proposed Approach for Devsloping Information on Population Fead  Rhoads, RE, 1989 PNL-6803 HEDR

Consumption and Lifestyles of Native Americans in the HEDR and Bruneau, :

Study Area cl -

Summary Report of HEDR Workshop on Sensitivity and Uncertainty  Sagar, B., and 1988 ' PNL-5A-16804

Analysis Lisbetrau, AM HEDR

Demographic, Agricultural, Food Cansumption, and Lifestyle Beck, DM, et al 1989 PNL-8834 HEDR

Raesaarch for the Manford Environmantal Dose Reconstruction

Praject

Response to TSP Directive 88-4, Ground-Water Contamination Frashisy, MD 1989 PNL-6847 HEDR

Data

A History of Major Hanfard Operations Invalving Radioactive Ballingar, MY, 1989 PNL-8984 HEDR

Material and Hall, RA

Summary of Warkshop on Milk Preduction and Distribution, Beck, DM, at 1989 . PNL-8975 HEDR

November 30, 1988 - HEDR Project ak

Feasibility of Using 129 Cancantrations in Human Tissue to MeCarmack, 1989 PNL-6889 HEDR

Estimate Radiation Dose From 197 WD

Hanford Environmental Dose Reconstruction (brochura) Bruneau, CL 1989 PNWD-1323
HEDR

Radionuclide Sources and Radioactive Decay Figures Pertinentto  Heeb, CM 1989 PNL-7177 HEDR

the HEDR Project

Uncertainties in Source Term Calcuiations Generated by the Heab, CM 1989 PNL-7223 HEDR

ORIGEN2 Computer Caode for Hanford Production Reactors

Atmospharic Transport and Dispersion Ramsdell, JV 1989 PNL-7198 HEDR

Madaling for the Hanford Environmental Dase Reconstruction

Projact

Preliminary Summaries for Vegetation, Rivar and Drinking Water Woadrufi, RK 1989 PNL-SA-17641

and Fish Radionuclide Concantration Data (DRAFT)

Al
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Publication Publication

Title Author Date No.
Atmospheric Transport Modeling and Input Data for Phase lof the  Ramsdell, JV, 1989 PMNL-7199 HEDR
Hanford Environmantal Dose Raconstruction Project and Burk, KW
Fission-Product lodine During Early Hanford-Site Operations: Its Burger, LL 1989 - PNL-7210 HEDR
Production and Behavior During Fuel Procassing, Off-Gas
Treatmant, and Releasa to the Atmosphere
Tha Hanfard Environmental Dess Reconstruction Project; Byram, SJ 1989 PNL-SA-17858
Background Informatian {fiier) HEDR
Summary of Literature Review of Risk Communication Byram, SJ 1989 PNL-7226 HEDR
Milk Cow Feed Intake and Milk Production and Distribution Baclk, DM 1989 PNL-7227 HEDR
Estimatas for Phase |
Estimations of Traditional Native American Diets in the Columbia Hunn, ESand 1988 PNL-SA-172¢6
Plateau Bruneau, CL
Estimates of Columbia River Radicnuclide Concentrations: Data Richmond, 1980 PNL-7248 HEDR
far Phase | Dose Caleulations Walter
Evaluation of Thyroid Radioactivity Measuramesnt Data From lkenberry, T 1990 PNL-7254 HEDR
Hanford Workars, 1944-1948 :
1-131 in lrradiated Fuel at Time of Processing From December Morgan, LG 1990 PNL-7263 HEDR
1944 Through Decambar 1947
Popuiation Estimatas for Phase | Back, DM 1990 PNL-7263 HEDR
Estimatas of Food Consumgption Callaway 1990 PNL-7260 HEDR
Sail Ingestion by Dairy Cattle Darwin, RF 1990 PNL-SA-17918

HEDR

Computational Model Design Specification for Phase | of the Napier, BA 1990 PNL-7274 HEDR
Hanford Eavironmental Dose Reconstruction Project
Selection of Dominant Radionuclidas for -~ Napier, BA 1990 PNL-7231 HEDR
Phase | of the HEDR Project
A Preliminary Examination of Audience-Related Communications Holmes, CW 1990 PNL-7321 HEDR
Issuas: Hanford Environmental Dase Reconstruction Project
MESCILT2, A Lagrangian Trajectory Climatological Dispersion Ramsdell, JV 1990 PNL-7340 HEDR
Medel
Craft Summary Report HEDR Staif 1990 PNL-7410 HEDR
Draft Air Pathway Report HEDR Staff 1990 PNL-7412 HEDR
Draft Water Pathway Report HEDR Staff 19g0 PNL-7411 HEDR
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RECONSTRUC'I‘ION PROJECT Technical Steering Panel by Battelle Memorial Institute’s
Pacific Northwest Laboratories operating the Pacific Northwest Laboratory for the U.S.:
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nor by Battelle Memorial Institiite. Results in this report; mdudmg preliminary.dose
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